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PREFACE. 


The increasing substitution of mechanical for manual 
processes — probably the most prominent feature of modem 
industrial practice — has been accompanied by a gradual modifi- 
cation in the nature and extent of the demands made on the 
woiker. Machinery is essentially labour saving, and the intro- 
duction of every new mechanical process reduces the number 
of workers in industry, the peiformance of whose tasks is 
dependent on heavy bodily exertion. Even when machine 
processes require the expenditure of considerable muscular 
work, as is often the case, these almost always entail a largely 
reduced effort in comparison with the original manual processes. 

The general tendency therefore of modern industrial practice 
is the gradual disappearance of heavy manual operations, 
and the retention only of manual operations, usually involving 
light and dexterous work, which have an important bear- 
ing on the quality of the article manufactured. Simultaneously, 
if the whole of industry is considered, the mental effects 
of the work on the operative tend to become relatively more 
important than the bodily effects, with the consequence that 
many practical pioblems are most appropriately studied by 
psychological methods. 

In spite, however, of the great displacement of manual work 
by machine work, there still remain many occupations in which 
the demands made on the worker are mainly physiological, and 
these, though naturally commonest in the heavy ” industries, 
are by no means confined to them. In particular, the lifting 
and carrying of loads are necessary operations in varying 
degrees in almost all factories. 

The following Report contains the results of two investiga 
tions made into work of this type. In the first of these, eight 
common methods of carrjdng a load are compared. It is 
shown that these have a definite order, of merit, as demanding 
different expenditures in the chemical exchanges of the body, 
and that these physiological '' costs are related to physical 
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causes, particularly to the different degrees to which the body's 
normal centre of gravity is displaced. It is important to note 
that this Report deals only with the methods of carrying, and 
hardly touches at all upon the maximum weight of the load 
that can be carried without discomfort, a question which the 
Board hope to explore in the near future. 

The second investigation deals with the effects of maximal 
effort in lifting and pulling. The principal points that emerge 
are, first the existence of an optimum height from the ground 
at which the greatest effort can be exerted, and of a “weak 
spot ” nearer the ground, secondly the beneficial influence of 
changes in posture on the maintenance of pulling capacity, and 
lastly the beneficial influence of rest pauses interpolated between 
the pulls. 

December, 1924, 
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PART A, 

COMPARISON OP THE ENERGY EXPENDITURE OP A 
WOMAN, CARRYING LOADS IN EIGHT DIEPERENT 
POSITIONS. 

By E. M. Bedale, M.A. 

(with an introductory note by E. P. Cathcart, M.D., F.R.S.). 
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Introductory Note. 

Problems of load carrying are as old as man, but their scientific 
investigation is only a matter of recent times. 

In spite of the fact that in many modem factories mechanical 
conveyers have been introduced, and that their use is extending, 
it will be a very long time before hand labour is whoUy super- 
seded in the transport of materials about workrooms. Several 
questions emerge in the consideration of the problems of such 
transportation. What is the best method of cainying the load ? 
What is the maximum economic load, i.e. the greatest load 
that can be carried without unduly taxing the subject ? What 
is the maximum period of work ? What value have rest pauses ? 
These and other questions arise. All are of importance. The 
difiSiculty lies in obtaining definite answers to these questions 
by mere observation, even though amplified by the subjective 
judgment of the operative. In fact it may be stated that, owing 
to the number of psychic factors involved, it would be well nigh 
impossible to get a clear-cut answer in this way. 

Fortunately, within recent times a method has been elaborated 
which has enabled scientific workers to assess, with a considerable 
degree of accuracy, the amount of energy expended by a subject 
in the performance of a given piece of work, or for the worMng 
part of his whole daily routine. 
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The output of energy by a subject may be determined in 
two ways ; either by direct or indirect calorimetry. The common 
nm' t of measurement utilised for all assessments, that is, for the 
expenditure both at rest and during work, is the large or kilo 
Calorie. 

In direct calorimetry, the subject is enclosed in a special 
chamber which is so arranged that all the heat given off by the 
subject can be measured directly as heat. As a rule, combined 
with the special apparatus for the determination of heat, all the 
air passing into and coming from the chamber can be measured 
and analysed, that is, direct and indirect calorimetry are com- 
bined . The obj ection to such calorimeter methods for the examin- 
ation of a subject performing ordinary work, is that the chamber 
is apt to limit his movements and the conditions are always 
artificial. 

In indirect calorimetry, the energy output is computed from 
chemical measurements of the respiratory exchange. By the 
Douglas-Haldane method, when a determination is being carried 
out, the subject wears a mouth-piece or a face-mask equipped 
with two one-way light rubber valves. One of these valves 
communicates directly with the outside air and serves for 
inspiration ; the other valve, which is connected by means of a 
length of rubber tubing to a large gas-tight bag carried on the 
back of the subject, serves for expiration. The expired air of 
the period, usually two to three minutes during a work experiment, 
is then carefully measured and a sample is drawn off into a gas 
sampling tube for analysis. The gas is analysed in a Haldane 
apparatus and the amount of oxygen (Og) used, and the amount 
of carbon dioxide (COg) given off in the period of experiment, 
are determined. The ratio of CO2 excreted to O2 absorbed is 
then obtained. The volume of oxygen utilised in a given period, 
say one minute, is converted into an assessment in heat units 
by multiplication with a factor determined experimentally and 
based on the CO2-O2 ratio. 

Indirect calorimetry by this method gives much greater 
license to the subject and multiplies the varieties of work which 
can be dealt with. It has been shown by experiment to be 
quite as accurate as the direct method. The objections raised 
against it are, that the period of collection of a sample is too 
short, and that the work done during the time of sampling may 
not be a fair sample of the work done throughout the working 
period. As regards the first objection, it has been shown con- 
clusively that accurate determinations can be made from a 
sample collected over less than one minute. The second objection 
is a much more serious one and is frequently only too well founded, 
more especially where, for example, the total energy output for 
a day is calculated from a few samples. Where the work is 
varied in nature, the results axe of doubtful value unless, as the 
result of prolonged personal investigation, the operations of the 
subjects are carefully determined, and the average duration of 
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each type of operation and the average rest pauses are also noted 
and included in calculation. But if the subject under investi- 
gation is a trained laboratory worker, used to the apparatus and 
the technique employed, and if in addition the type of work 
studied is of a repetitive nature, such as walking, marching, 
working a pedal or lever ergometer (work-measuring apparatus), 
and is carried on continuously during the period of observation, 
the results can be depended upon to give a true index of the 
energy expended on the performance of the particular operation. 
The high degree of accuracy attainable is shewn by repeating 
individual experiments. Thus the following table (Table I) gives 
records of 12 out of the 15 repeat experiments, carried out in the 
present investigation. In these, all conditions were reproduced 
as closely as possible, but the duplicate experiments were done 
at intervals, sometimes, of many weeks. 

Table I . — Duplicate Experiments. 0^ consumption per min., net. 


cc. 


cc. 


^0 Difference 

603 


604 


4-0*2 

594 


602 


4-1*3 

557 


547 


—0*5 

615 


623 


4-1*3 

499 


496 


-0*6 

534 


534 


0*0 

602 


608 


4-1-0 

616 


608 


-1*2 

623 


620 


-0*5 

607 


604 


-0-5 

530 


537 


4-1-3 

480 


493 


4-2*7 


Another objection, which has been raised repeatedly by those 
who know little or nothing of the technique of the method, is 
that aU results obtained are commercially useless because they 
are not carried out on skilled operatives. This is not the case 
in the majority of instances. True, if one desired to obtain some 
idea of the average energy cost of a particular industrial opera- 
tion, it would naturally be foolish to take a subject who knew 
nothing about the particular series of operations and then report 
as if the results were a true index of the work done in the parti- 
cular operation. There are, however, many forms of simple work 
which can be carried out in a variety of ways, where if the relative 
cost of the various methods of the performance of the work is 
to be accurately determined, it is a positive benefit to employ 
a subject who is skilled in none of them. Then, and then only, 
is it- possible to obtain relative values of real worth. Such a 
simple type of work is the one dealt with here, where the sole 
object of the investigation was to determine, not the maximum 
load the subject could carry, but the relative cost in energy of 
the various methods of the carriage of loads of varying weight. 

The fact that no attempt has here been made either to deter- 
mine the maximum load or the mechanical efficiency of the 
performance of the work must be emphasised. So far no specific 
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regulations exist in Britain which definitely limit the loads 
to be carried by women, except in the potterj? industry, where 
there are some restrictions in the case of women and young 
persons. France has definitely limited the load to be carried by 
women of over 18 years of age to 55 lb. It must not be 
overlooked, however, that certain workers in this country have 
made recommendations. Thus Dr. Janet Campbell, in the 
Report of the War Cabinet Committee on Women in Industry, 
1919, p. 222, writes : “ It is obviously difficult to make definite 
suggestions in regard to the weights which can safely be handled 
by women, but given reasonable conditions and good physique 
women and girls over 18 years of age have been found able 
to handle weights up to 50 lb. . . . without difficulty.” 

As regards the mechanical efficiency of performance, i.e. 
using the methods of the engineer to determine the overall 
thermal efficiency, it is questionable if the values obtained 
are of any interest beyond a purely academic one. It is 
quite true that a machine runs most efficiently when fully 
loaded and there is a certain amount of evidence to show 
that within certain limits the human being does in this respect 
resemble a machine. But it cannot be too strongly emphasised 
that the human being is no mere machine, and that the mechanical 
efficiency of performance is not of primary importance. The 
performance of work by the human being is not a mere function 
of the combustion of so much fuel in the muscles involved in 
canying out the particular movements, and therefore its expres- 
sion as the relation of external work done to oxygen utilised, 
when both these values are expressed in terms of heat units, is 
beside the point. Indeed, the application of the word efficiency 
with its definitely limited mechanical meaning to the results of 
human activity is almost certainly not vahd. A term like 
effectivity, which may be held to connote all the factors which 
go towards effective and useful performance, would be a better 
expression for the ideas that are at present included in the general 
term human efficiency. 

E. P. C. 


Previous Work. 

A good deal of work has been done already by indirect 
calorimetry on the metabolic cost of carriage of loads, but, so far 
as I am aware, no previous study has been made either of the 
carriage of loa^ by women or of the relative cost of carrying 
loads by different methods or in different positions. 

Zuntz^ and Schumhurg (1901) carried out a long series of 
observations on the cost of soldiers marching loaded, and they 
came to the conclusion that the energy cost increased almost 
proportionately to the masses moved. They noted also that 
the position of the load carried was of prime importance, although 
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they did not deal specially with this point. Brezina and Kohner 
(1912) found that the cost in energy was not adversely influenced 
by loads up to 21 kilograms, i.e. this amount of extra dead 
weight could be carried as economically as so much live weight. 
Heavier loads they found brought about both an absolute and 
relative increase in the energy output. Brezina and Reichel 
(1914) came to the conclusion that after the load carried exceeded 
19 kilograms in weight the increase in energy output was propor- 
tional to the square of the load difference. Cathcari and Orr 
(1919), in the course of their investigations into the energy 
expenditure of the infantry recruit in training, studied the 
influence of changes in the position of the load carried by the 
soldier. Their results showed that if the load were not evenly 
distributed or if the position of the pack was altered from the 
normal position, there was an increased energy expenditure. 
Cathcari, Richardson and Campbell (1923) investigated the 
question of the maximum economic load of the soldier and found 
that under laboratory conditions (i.e. where there is no question 
of interfering variations in ground or weather) the economic load 
is equivalent to about 40 per cent, of the body weight. Dr. Eileen 
Hewitt and myself (1923) carried out a preUminary investigation 
of the relative cost of four different methods of carrying by 
women. We found that, of the methods tested, the carriage of 
the weight on the shoulder gave the best results when the loads 
were fairly heavy — 40 or 50 lb. or more. The present paper 
includes some of the material so gathered, and the investigation 
is extended along the same lines. 


Present Work. 

The experiments here reported were designed to be a study 
of the comparative physiological costs of carrying different loads 
by various methods. For experimental accuracy, and as there 
was no intention of determining the maximum load which a 
woman could carry, but merely the relative cost of the different 
methods of carriage, the observations were made on one trained 
laboratory subject. The conditions, which were as closely 
controlled as possible, were as follows : — 

The place in which the experiments were carried out was a 
broad well-lit corridor, granohthic floored, with wide turning 
room at each end, giving a circuit of exactly 100 yards. It was 
well ventilated ; the cooling power, by dry kata-thermometer, 
was from 7 to 9. The subject wore heavy shoes with rubber 
studs to eliminate the foot-soreness which otherwise resulted 
from walking with weights on a springless flooring. 

The time was between 10 a.m. and noon, for all experiments, 
except one series which were carried out during the afternoon. 
All were done about two or three hours after a light meal. 
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Eight modes of carnage were tested ; these will be described 
successively and their metabolic costs will be given. 

The loads carried were 20, 30, 40, 50, and, in two cases, 60 lb. 
All of these are light loads compared with those often carried by 
women in factories. This course was deliberately adopted, since, 
in a preliminary study of differential costs, the absolute weights 
carried are of secondary importance, while for accurate experi- 
mentation it is essential that the work should be easily within 
the subject’s compass, so that the pace may be kept up, amd 
kept up without causing respiratory derangement by excessive 
effort. 

The face, about 2-8 miles per hour, was chosen on the results 
of preliminary trials. It was judged to be the maximurn that a 
woman would attempt to keep up continuously. The circuit of 
100 j'ards was performed in 73 seconds, a metronome being used 
to keep the rhythm. On the whole, the speed and continuity 
of the work were probably greater than is common in industry. 

The experimental procedure was the performance of one hour’s 
work, at the set pace, with a given load and mode of carriage. 
In order to represent, approximately, factory conditions of 
labour, the load was not carried continuously, but each circuit 
of 100 yards with the loaded tray or board, etc., alternated with 
another complete circuit, in which the subject carried only an 
"empty." The walking of each circuit, as already noted, 
occupied 73 seconds. The depositing of the load and picking up 
of the empty, and vice versa, were so arranged as to occasion 
practically no raising and lowering of the weight, and occupied 
about 4 seconds and 6 seconds respectively. Three samples of 
expired air, for measurement and analysis, were collected during 
the hour, after 20, 40, and 57 minutes’ work. The duration of 
each sample was 2^ minutes, and consisted of the air expired 
during one loaded circuit, the unloading, and the unloaded 
circuit. The work performed during this sample was calculated 
in horizontal kilogrammetres from the total weights (body plus 
load or empty) transported over a distance of 200 yards, dis- 
regarding the very slight amount of " positive ’’ and " negative ’’ 
work involved in laying down the load and taking up the empty. 

The values given for each load in Tables V — XIII are the 
averages of the three samples so taken in each experiment. The 
dispersion of these three values is, and should be, relatively 
small, since the first sample was taken after fully 20 minutes, 
so that the subject had thoroughly settled down to work. • In 
the course of the investigation, 15 experiments were duplicated, 
in some cases because the results were surprising, and technical 
error was suspected. Table I shows that 12 of these 15 con- 
firmed the original determinations with remarkable accuracy, 
and in these cases the original value was accepted ; in the other 
three, error was demonstrated and the second determination was 
the one accepted. It would seem that, apart from technical 
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flaws, the subject's energy expenditure in a given task, under 
the same conditions, was very constant, and by using the first 
(or second) determination, any effects of special training {see 
below) were eliminated. For the same reason, the increasing 
loads were not taken successively, but in accidental order, and 
experiments on the several modes of carriage overlapped each 
other, and were spread over a period of months. However, 
in considering Table I, it has to be remembered that each 
figure is the average of three sample determinations, so that 
the correspondence of the pairs of " smoothed " values gives a 
rather exaggerated picture of physiological stability and technical 
accuracy. From the standard deviations of the oxygen deter- 
minations quoted in Tables I, II, and III, the actu^d dispersion 
of the individual observations can be gauged. It was highest in 
walking unloaded, being 22-7, (corresponding with a coefficient 
of variation of 5*3 per cent.). In the work experiments, the 
average dispersion of the three samples was 17-3 on the 
O 2 values. To avoid overloading the tables, the averages of 
the three working samples are given without details of the 
individual samples or their dispersions. 

The subject (Ht. 176 c.m. Av. wt. clothed 56 kg. Surface area 
1-66 sq.m. Aetat 29) was in good health, and though under 
weight was probably not inferior in physique and fitness to the 
average woman in industry. She was a competent long-distance 
walker, but otherwise was unathletic, with poor muscular develop- 
ment of the arms and shoulders. She was unaccustomed to any 
method of load-carrying, except, when on holiday, that of a knap- 
sack under 20 lb. This was an advantage, since the aim, as already 
stated, was to compare the differential costs of a variety of modes 
of carriage. No woman could be trained equally to all modes, and 
if trained to one only, she might be expected to have acquired 
habits tending to minimise the cost of that mode, while perhaps 
greatly exaggerating the cost of another, especially dissimilar. 
Comparable results could not therefore be obtained from any one 
such woman, while it would be inadmissible to compare data 
drawn from experts in different types of labour, unless a sufficient 
number of subjects could be obtained, in each group, to obviate 
personal factors. For a preliminary analysis, what was required 
was not special training, but merely a fairly well educated 
motorial sense,"* enabling the subject to accommodate the 
load and the body to each other, so that in each case the work 
should be performed with the least exertion possible, under the 
existing conditions of muscular development and so forth. Good 
co-ordination would seem to require the elimination of extraneous 
movements, together with such a disposition of the load as to 

* Motorial sense (Halliburton) = kinaesthetic sensations . . . 

“ those by means of which we appreciate the position and movement of 
parts of the body, especially the limbs. . . . They are excited by 
the stimulation of sense organs in the muscles, in their tendons and in the- 
tissue lining the smooth surfaces of the joints." McDougall, Physio-' 
logical Psychology, 
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ensure the balance of the loaded body (in standing or walking) 
with the minimal muscular contraction, and with the minimal 
restriction to the movements of the limbs and the chest-wall. 
A trained worker should acquire a high degree of such co-ordina- 
tion in her own line, but her metabolic costs would probably be 
affected not only by the more perfect “ knack,” but also by the 
development through use of the special muscles required, and 
by other factors. 

Calculation of Net Working Metabolism. 

It is usual, in presenting data for the metabolic costs of 
muscular work, to give the net costs above a selected base level, 
which is measured on each occasion as a preliminary to the work 
experiment. This is necessary, because, in spite of all precau- 
tions, uncontrollable factors influence the general level of 
metabolism, causing it to vary somewhat from day to day. The 
deduction of the day’s standard from the gross working costs 
makes for the elimination of such chance variations in the final 
net values, and makes them, therefore, more comparable with 
determinations made upon other days. 

Several base lines may be taken. In such a piece of work as 
the present, there are three alternatives : — 

1. The true basal metabolism, measured with the subject at 
complete rest, at least twelve hours after food. This is the 
most constant level, and is often the best base-line over which to 
measure rises of metabolism. In all cases, it is desirable to know 
a subject's average basal metabolism, and the limits within 
which it commonly varies, for comparison with other subjects. 

2. The metabolism measured with the subject lying still, 
after half-an-hour of rest, just before beginning the work experi- 
ment. This gives a higher level than the post-absorptive basal, 
and is more variable, being influenced by previous activity, diet, 
digestive states, etc. As these are just the fluctuations most 
likely to blur more significant variations, the deduction of this 
base level is especially suitable when it is desired to compare the 
rather fine differences of cost which arise when the same external 
work is performed by various methods. 

3. The metabolic costs of the performance of a series of 
muscular movemaits, similar to those which will accomplish the 
specific external work, may be used as base line ; e.g. the cost 
of walking at the experimental pace, with no impedimenta 
except the respiratory apparatus, may be deducted from the 
gross costs of load-carr 5 dng. 

This last method was at first adopted in these experiments, 
but was soon changed for the second. The net values given in 
the tables are found by deducting the pre-work resting values, 
rhe averages of all three base-line determinations are, however. 
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given in this section. The average cost of unloaded walking has 
been used in the rough computations of industrial output, etc., 
at the foot of Tables V to XII. 

Many determinations of the true (post absorptive) resting 
metabolism have been made on this subject. The average 
on consecutive days for seven weeks, during which load-carrying 
experiments were being carried out, was as follows : — 


Table II. — Basal Metabolism. Post absorptive. 


CO 2 per irdn. Oa per min. 
141 cc. . . 174 cc. 


Standard Cal. per Cal. per hour 
Deviation.-*' 24 hours. per sq. m. 
7-4 .. 1225 .. 30‘75 


The majority of the experiments were preceded by a deter- 
mination of the resting metabolism, in this case not the true 
basal, but 2| hours or more after a light meal. The average of 
these determinations, for the first four sets of experiments, was 
as follows : — 


Table III. — Resting Metabolism before Work. Average. 

• Standard Cal. per hour. 

CO 2 per mm. Og per mm. Deviation.* per sq. metre. 

186 cc. .. 219 cc. .. 12-4 .. 38*2 

Nine of the earlier experiments were not preceded by a deter- 
mination of the pre-work resting metabolism ; in these cases 
(marked with an asterisk in the tables), the average resting value 
given in Table III is deducted from the working expenditure, 
while in all others, the value proper to the individual experiment 
is deducted. The difference is not great. 

A number of experiments were preceded by a determination 
of the cost of walking at the experimental rate with no external 
load beyond the Douglas bag and mask (weighing G^lb.). The 
average readings, with pre-work resting value deducted, were as 
follows : — 

Table IV. — Walking. Average Net Values. 

Gr cals. 

COj per O 2 per Standard Cal. per. Her. k^. Oj per hor. ‘ 
min, cc. min. cc. Deviation.* min. per min. kgm. co. kgm. 

343 .. 421 .. 22-7 .. 2-01 .. 4403 .. -096 .. -46 


The Experiments. 

Mode 1. Tray carried in front of the body. (See plate facing 
page 27.) 

Mode 2. Tray carried in front, but with the weight taken off 
the arms by a strap passed round the shoulderS'to 
the front comers of the tray. 

Mode 3. Weight tied up in equal bundles, and carried at the 
sides in either hand. 


On oxygen determination. 
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Mode 4. Weight distributed over a board carried on the left 
shoulder. 

Mode 5. Weight carried in a tray on the left hip. 

Mode 6. Weight carried in a rucksack. 

Mode 7. Weight divided between two pails and carried on a 
shoulder-yoke. 

Mode 8. Weight carried in a tray upon the head. 

Mode 1. 

The practical convenience of tray-carrying makes it a method 
very common in domestic and factory work. For short distances 
and irregular work it is satisfactory. For long distances or long- 
continued regular transportation of heavy material, it has certain 
physiological disadvantages. The most obvious of these is the 
local fatigue of the wrists and arms, which must for every worker 
set a limit somewhere for the load or the distance. There may 
also be unpleasant pressure on the abdomen, pubis or thighs. 
But equally important factors affecting the cost and the sense of 
fatigue, in this and all modes of carriage, are the general alterations 
in the bodily posture and the gait. A rather detailed analysis 
of these factors in this first instance, may perhaps make clear the 
points at issue in every carrying-method. 

In carrying a heavy tray, the tendency is to compensate for 
the load added in front of the body by throwing back the trunk 
so that the normal balance on the arch of the foot is easily main- 
tained. The knees are slightly flexed, and from the knees to 
the head the long axis of the body falls back in an oblique line. 
The standing posture naturally and always assumed illustrates 
this. In walking, the knees are kept slightly slack : to extend 
them at every step requires exertion and results in painful jarring 
to the spine. With heavier loads, the shoulders may be dragged 
forward, and then the flexion of the knees is increased, to bring 
back the centre of gravity over the base of the feet. A person 
carr 3 dng a very heavy load in front is obviously chasing his own 
centre of gravity as he moves, and the muscular counteraction 
to the tendency to fall forward must be a considerable element 
in the cost of such a method of transportation. Closely con- 
nected with this is the question of the interference with the 
natural gait. In these experiments, in walking with 50 lb. load, 
the tray had to be carried pressing against the upper- part of the 
thigh ; that is, the thighs were supporting a part of the weight, 
and the free movement of the legs was therefore impeded. 
If the co-ordinations of the normal gait may be assumed to be 
mechanically and physiologically efi&cient, such interference 
should mean that all the muscles used in locomotion* are working 

* *' With every step, some three hundred engines have to be Started, 
regulated, and stopped." — Sir Arthur Keith, Engines of the Human Body. 
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at some disadvantage. As a result of prolonged toil, the erect 
carriage and free gait may be lost ; in such cases the habitual 
slouch is probably more metabolically economical than a deliberate 
resumption of the upright position ; in other words, the whole 
locomotor system has adapted itself to the conditions under 
which it has most frequently to work. 

With heavy loads, there is the further question of some degree 
of interference with the respiratory and circulatory functions 
through '' fixation of the chest, when the trunk is kept as rigid 
as possible to give the muscles a greater mechanical advantage. 
It is common experience that a man transporting, for a short 
distance, a load only just within his compass, holds his breath 
in doing so, and has an increased and often laboured respiratory 
rate afterwards. The metabolic costliness of work in which the 
static element predominates has been shown [vide Cathcart, 
Bedale & McCallum) and the strain imposed on the organism 
by efforts requiring a general static contraction of thoracic and 
abdominal muscles is well known to gymnasts and athletes. 

Theoretically, there would thus appear to be three general 
considerations to be borne in mind in studying all modes of 
carriage — the displacement of the centre of gravity, the inter- 
ference with the gait, and the degree of thoracic fixation. 

In each case, an estimate must be formed of the operation of 
these factors, and finally an examination must be made to see 
whether any correlation can be established between them and 
the metabolic costs and other measurable physiological effects. 

Returning to Mode 1 : the chief subjective symptom of 
fatigue was a slight ache in the lumbar region, but with the 
heavier loads there was also some pain in wrists and elbows. 
The tray measured 21 in. by 16 in., and weighed 4-8 lb. It was 
gripped by the hands in the middle of its sides, and was carried 
most easily in the horizontal position. The arms were fully 
extended, the joints taking the strain ; this being obviously 
preferable to continuous static contraction of the muscles of 
flexed arm. The full output of work was not maintained, owing 
to a reduction of the stride with 40 lb. and especially with 50 lb. 
Since a stopwatch could not be carried, the subject did not know 
that she was losing pace. This reduced output is the usual 
manifestation of fatigue. From the point of view of experimental 
lucidity, it would perhaps have been preferable to eliminate this 
factor, keeping up the output by speeding up the metronome to 
suit the shortened stride. In later experiments this was done, 
but nevertheless the loss of pace with the heavy loads occurred 
in several modes of carriage, and must be taken into account in 
judging the efficiency of a method. Recalculation of the figures 
of the earlier experiments in various ways has shown that the 
variations of the work output, which are most marked in the 
first three modes, do not materially affect the position of their 
'' cost curves relative to those of the other modes of carriage. 
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Table V. — Mode 1. Tray carrying I. Average net values. 


Load* 

lbs. 

COa per 

Og per 

Cal. per 

Hor. kgm. 

Os per hor. . 

min. 

mm. 

mm. 

per min. 

kgm. 

per 

hor. kgm. 

20 

394 

464 

2-26 

4643 

•100 

•49 

30 

475 

522 

2-58 

4794 

•109 

•54 

40 

527 

613 

2-99 

4905 

•125 

•61 

50 

587 

675 

3-30 

4738 

•142 

•70 


Approximate estimate of industrial output and phvsiological 
cost by Mode 1. 


Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 .... 

920 

58-7 

50 .... 

1070 

77*3 


Mode 2. 



In this series, a broad webbing strap was passed round the 
subject’s shoulders and fixed at the front corners of the tray. 
The hands were used only for steadying the load. The strap 
was adjusted to the level found by trial to be most comfortable, 
so that the tray pressed against the abdomen at umbilical level, 
leaving the thigh movement clear. The weight pxiUing through 
the strap tended to bring the shoulders forward ; to compensate 
this, and to meet the pressure of the weight inwards, the lumbar 
curve was increased, while the knees were flexed. It was much 
easier to carry the tray at a slight tilt down and in towards the 
centre of the body ; in the horizontal position, the tug on the 
shoulders was greater, and the maintenance of balance more 
difficult. 

The subject preferred this method to the previous one. There 
was no local discomfort, but breathing seemed to be a little forced 
by the partial fixation of diaphragm as well as shoulders. 


Table VI. — Mode 2. Tray carrying II. Average net values. 


Load, 

COg per 

Ojper 

Cal. per 

Hor. kgm. 

0.g per hor. 

Gr. cals, 
per 

hor. kgm. 
•50 

min. 

min. 

min. 

per min. 

kgm. 

lbs, 

20 

397 

473* 

2-29 

4588 

•103 

30 

433 

522 

2-53 

4713 

•111 

•54 

40 

519 

604* 

2-95 

4935 

•122 

•60 

50 

564 

656* 

3-20 

4992 

•131 

•64 


* Average pre-work deducted. 
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Approximate estimate of industrial output and physiological 
cost by Mode 2, 


Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 .... 

920 

56*1 

50 .... 

1150 

71*3 


Mode 3. 



In this set of experiments the successive loads were divided 
equally, tied up into bundles giving a convenient grip, and carried 
at the sides, one in either hand. 

By this method, there is no disturbance of the balance of 
the body, and the movement of the legs is not interfered with. 
Inasmuch as the erect carriage and free gait are preserved, such 
carrying should be physiologically economical. But for long- 
continued regular work it has, like Mode 1, the disadvantage of 
involving marked local fatigue of the arms, together with probable 
bruising of the legs by the loads. Further, with heavy weights, 
the drag on the shoulder-girdle is sufficient to require some 
fixation of the muscles of the chest and throat ; the carrying of 
a maximum load for a short period was found to produce a 
laboured type of expiration. 

The subject felt the local strain severely, particularly on 
account of an elbow injury received in childhood which altered 
the carrying angle. This strain is probably the reason for an 
unconscious slacking-off of pace, which helps to produce the 
almost flat performance of work in hor. kgm. for loads of 30, 40, 
and 50 lbs. ; this effect, however, being much exaggerated by the 
fact that the subject was herself losing weight. [Contrast the 
figures for hor. kgm. in the first part of Table VII. with the 
estimated external work per hour, below it]. The validity of 
the experiments on 40 and 50 lb. loads is, therefore, very question- 
able. Since there was no “ empty to be transported in the 
unloaded circuits, the work performed should have been, in 
any case, rather less than that performed by other carrying 
methods. 


Table VII. — Mode 3. Carrying two bundles of equal weight 
Average net values. 


Load. 

lbs. 

CO 2 per 
min. 

O 2 per 
min. 

Cal. per 
min. 

Hor. kgm. O 2 
per min. 

per hor, 
kgm. 

Gr. cals, 
per 

hor. kgm. 

20 

373 

455 

2-20 

4589 

*099 

•48 

30 

369 

492* 

2*33 

4883 

•101 

•48 

40 

433 

534* 

2-57 

4873 

•no 

•53 

50 

560 

667* 

3-24 

4858 

•137 

•67 


Average pre-work deducted. 
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Approximate estimate of industrial output and physiological 
cost hy Mode 3. 


Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

30 .... 1 

690 

19-3 

40 .... 

850 

33-6 

50 .... 

1060 

73-5 


Mode 4. 

In this series, the weight was distributed upon a board 
measuring about 36 in. by 10 in., and was carried on the left 
shoulder, the left hand resting far back on the hips, and the 
right hand lightly steadying the board in front. A load so 
carried entailed displacement of the centre of gravity to the 
left, and to maintain the balance on the feet with the minimum 
of muscular contraction, the head and shoulders were thrown 
proportionately to the right. In standing, the feet were slightly 
parted, and in walking, they were also placed rather further 
apart than normally ; the lateral load seemed to demand a 
broadening of the base of support. In addition to the lateral 
curvature of the spine, the head. and shoulders were thrust 
forward, the load balancing with rather more than half its length 
behind. The reason for this pose — ^which was at once adopted 
because it alone seemed comfortable — ^was probably that the 
balancing of a loaded board on the ridge of the shoulder was 
precarious and painful ; while if the shoulder was thrust forward 
and downward, the load rested securely on the pad of muscle 
above the shoulder-blade, and bruising was avoided. 

The ease with which the load was adjusted so that the total 
weight feu squarely about the mid-line between the feet, meant 
that the lower limbs had freedom ; the normal stride could be 
taken with aU loads. The fixation of the chest was negligible. 
The subject liked this method, and was able to carry 60 lb. at 
the fixed pace with less difficulty than 50 lb. had occasioned in 
any of the first three modes. There was no local fatigue. 


Table VIII. — Mode 4. Carrying on the shoulder. Average 

net values. 


Load. 

COg per 

Oa per 

Cal. per 

Hor. kgm. Oaperhor. 

Gr. cals. 

lbs. 

min. 

min. 

min. 

per min. 

kgm. 

JJCX 

hor. kgm. 

20 

364 

428 

2*08 

4758 

•090 

•44 

30 

443 

547* 

2-63 

4844 

•113 

•54 

40 

481 

609* 

2*92 

5060 

•120 

•58 

50 

480 

608* 

2-91 

4987 

•122 

•58 

60 

599 

778* 

3*70 

5390 

•144 

•69 


* Average pre-work deducted, 
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Approximate estimate of industrial output and physiological 
cost by Mode i. 



Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
j ing at same pace. 


lbs. 

lbs. 

Calories per hour. 

40 


900 

54*4 

50 

. . 

1100 

54-1 

60 

.. 

1380 

101*8 


Note ; pace was lost with the 50 lb. load and the subject’s 
body-weight was about 2 kgs. below normal at this time, with 
the result of bringing down the hor. kgm. per min. to about the 
same as that of the 40 lb. load ; but the cost per kgm. is pro- 
portionately low ; contrast with Tables V and VII in this respect. 
The slight shortening of the stride was not due to fatigue and 
could have been corrected had the subject been aware of it. 

Mode 5. 

The next method examined was, like the last, one commonly 
used by women in industry, viz., carrying on the hip. Like the 
last also, it demands a large deviation from the erect carriage of 
the body to compensate for the lateral load. The breadth of the 
burden and the angle at which it has to be carried affect the extent 
to which such compensation is required. If narrow, and capable 
of being " tucked under the arm,” a comparatively slight lateral 
bending of the head and shoulders will suffice to bring the centre 
of gravity over the base of the feet. In these experiments, 
however, a more extreme case was taken ; a tray 16 inches wide 
was carried in, approximately, the horizontal position. To 
balance this, the body was bent from the hip, and the right arm 
was held out from the body. In the posture thus naturally 
assumed, a true balance on the shghtly parted feet was maintained 
with the Tn i nim n m of muscular contraction and no subjective 
sense of strain. But since the load was resting on the wing of 
the pelvis, the left leg could not move freely, and actually in 
walking it functioned as a peg only, the feet being planted apart 
and at dissi milar angles, in a characteristic lame fashion. Thus, 
in respect of both body-displacement and interference with gait, 
this mode would seem to have physiological disadvantages. 
Natural breathing was also interfered with to some extent, since 
the left side of the thorax was stretched, while on the right side 
the floating ribs were pressed against the pelvis. 

The subject found this hip-carrying distinctly tiring. There 
was some fatigue of the left arm, bruising of the hip, and 
footsoreness from the lame gait. The pace decreased with 



the 50 lb. load, although a stop watch was carried and effort 
was made to keep up the output of work. The method has 
decided practical advantages in the ease with which the load 
can be taken up from an ordinary table, and in the freedom of 
one arm. 


Table IX. — Mode 5. Carrying on the hip. Average net values. 


Load. 

COg per 

Og per 

Cal. per 

Hor. kgm. 

Og per hor. 

Gr. cals, 
per 

hor.kgm. 

lbs. 

min. 

mm. 

mm. 

per mm. 

kgm. 

20 

448 

574 

2-74 

4726 

•121 

•58 

30 

532 

657 

3-16 

4927 

•133 

•64 

40 

548 

694 

3*32 

5124 

•135 

•65 

50 

566 

725 

3-46 

5135 

•141 

•67 


Approximate estimate of industrial output and physiological 
cost by Mode 5. 


Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 .... 

920 

78-8 

50 .... 

1110 

87-2 


Mode 6. 



In these experiments the load was carried in a rucksack, 
i.e. fairly low down on the back. The balance on the arches of 
the feet was recovered by bending the torso forward from the 
waist, and the arms dropped forward a little. The legs were free, 
and the movement of the chest was not appreciably restricted. 
For so short a period as one hour’s work, no special fatigue 
would be expected, and none was occasioned, though pace was 
lost appreciably with the 50 lb. load. 

The experimental data show, however, a cost unexpectedly 
high. Possibly the universally recognised value of knapsack- 
carrjdng depends more on the freedom allowed to arms and legs 
than on its metabolic cheapness relative to other methods. But 
in any case, these experiments are not comparable with any on 
the carriage of military equipment, for the soldier’s load is 
balanced, not concentrated at one point of the back. The wallj;er 
or climber, who may cany a fairly heavy rucksack with little to 
balance it in front of the body, commonly uses a stick, which, 
mechanically, alters the whole situation. The experiments were 
carried out with the object of seeing to what extent a mere dis- 
placement of the body affected metabolic costs. It is not a method 
of transportation likely to be applicable to women in industry. 
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There was no “ empty ” to be carried in unloaded circuits. 
The relatively high output of work with the 20 lb. load was due 
to a temporary rise of body weight. 


Table X. — Mode 6. Carrying in rucksack. Average net value. 


Load. 

COg per 

O 2 per 

Cal per 

Hor. kgm. 

O 2 per hor. 

Gr. cals. 

’HAT* 

lbs. 

mm. 

min. 

mm. 

per min. 

kgm. 

hor.kgm. 

20 

421 

561 

2-66 

4753 

•118 

•56 

30 

435 

573 

2*72 

4792 

•120 

•57 

40 

474 

608 

2-90 

5076 

•120 

•57 

50 

574 

700 

3-38 

5117 

•137 

•66 


Approximate estimate of industrial output and physiological 



cost by Mode 6. 

Load, 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 . . . . 

920 

53-6 

50 • . . . 

1125 

82-1 


Mode 7. 

By the use of a shoulder-yoke, the advantages of retaining 
erect carriage and normal gait can be combined with an almost 
complete absence of such local discomforts as make bundle- 
carrjnng (Mode 3) distressing for long periods of work or for 
heavy loads. The yoke is of such width that pails suspended on 
chains hang clear of the legs, and the pails are adjusted to such a 
level that, when the arms are held easily with slightly flexed 
elbows, their handles can be steadied with the fingers. Theoreti- 
cally, the plumb-lines of the chains should be in one Hne with 
the body’s centre of gravity. The yoke used in these experi- 
ments did not quite fit the subject, putting the weight an inch or 
so too far back, so that the head and shoulders were slightly 
bent forward to right the balance. The displacement was, 
however, very small compared with that in other modes of carriage. 
The subject found no (hf&culty with the 60 lb. load, and coifld 
undoubtedly have carried much greater weights without distress. 
One disadvantage of the method is the weight of the yoke itself 
and of the pails, or suspended trays ; this means that for a given 
inclusive load on the worker, a smaller quantity of actual material 
is transported than if no such appliance were used. A further 
practical disadvantage might be the width of gangway required 
for the manoeuvring of loads so suspended. 
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In the experiments, the yoke with its chains, weighing 4-8 lb. 
(the same weight as the empty tray) was carried in the unloaded 
circuits. 

This set of observations, unlike the rest, had to be carried out 
in the afternoon. The effect of this may have been to give a 
rather lower scale of readings than would have been obtained 
in the morning ; but several of the morning experiments were 
duplicated in the evening to get an approximate correction factor, 
and it was found that by calculating even with the extreme 
possible correction, the yoke still appeared very considerably 
the cheapest mode of carrying 40, 50, and 60 lb.* 


Table XI . — Mode 7. Carrying with a shoulder-yoke. 
Average net values. 



CO 2 per 

O 2 per 

Cal. per 

Hor. kgm. 

O 2 per hor. 

Gr. cals. 

Load. 

min. 

min. 

min. 

per min. 

kgm. 

per 

hor. kgm. 

20 

848 

400 

1-95 

4865 

•082 

•40 

30 

356 

440 

2.12 

4960 

•089 

•43 

40 

403 

486 

2-35 

5157 

•094 

•46 

50 

428 

516 

2-50 

5293 

•097 

•47 

60 

473 

531 

2*61 

5483 

•097 

•48 


Approximate estimate of industrial output and physiological 
cost by Mode 7. 


Load. 

! 

( Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 .... 

720 

20-5 

50 .... 

950 

29-2 

60 .... 

1180 

1 

1 

35-9 


Mode 8. 

Theoretically, the carriage of the load upon the head might 
be expected to be physiologically economical, since the additional 
weight is in the line of the natural centre of gravity, and the 
need of accurate balance should suppress all extraneous move- 
ments. The question of extraneous movements has not hitherto 
been discussed, though it has been indicated that they are a 
factor tending to raise the scale of costs of all t 3 q)es of work to 
the untrained worker. Such movements are non-purposive and 

* The point at issue here involves the causes and effects of various 
levels of the respiratory quotient, an obscure question chiefly of technical 
interest, so that discussion of it is omitted. 
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are due to bad co-ordination, perhaps through lack of practice, 
or fatigue, or inattention, or bad working habits contracted 
through lack of intelligent analysis of the movement required, 
or perhaps through mere exuberance. 

In the head-carrying experiments, non-purposive movements 
may have been eliminated, but a very large number of special 
muscular contractions and relaxations seem to have been required 
to maintain the balance of the load in so unfamiliar a position. 
More than any other, this mode of carriage requires practice, 
not merely for the development of the appropriate muscles, but 
for acquiring co-ordination of the existing muscular equipment. 

The subject was not consciously anxious, and was not unduly 
fatigued, but she was aware of a high degree of muscular tension 
throughout the body. There was also some interference with 
normal breathing, for one hand was required to balance even the 
20 lb. load, while the 40 and 50 lb. loads were steadied by the 
hands, on both sides. The loads were carried distributed over 
the same tray as was used in the other experiments. They were 
much more ^fficult to balance than the same loads would have 
been if more nearly concentrated in a point, e.g. carried as water 
in a jar, or as a mass of mortar on a small board. The mechanical 
difficulty of the task was possibly the predominant cause of the 
rather high scale of costs which was recorded. It is proposed 
to check these experiments by a further series in which the load 
is better disposed. 


Table XIL — Mode 8. Carrying on the head. Average net values. 


Load. 

COg per 
min. 

O 2 per 
min. 

Cal. per 
min. 

Hor. kgm. O 2 per hor. 
per min. kgm. 

20 

406 

527 

2-51 

4821 -109 -52 

30 

449 

575 

2-75 

4942 -116 -56 

40 

482 

626 

2-98 

5168 -121 -58 

50 

561 

692 

3*30 

5267 -131 -63 

Approximate 

estimate 

of industrial output and physiological 


cost by Mode 8. 


Load. 

Material transported 
100 yards in 

1 hour. 

Physiological cost in 
excess of cost of walk- 
ing at same pace. 

lbs. 

lbs. 

Calories per hour. 

40 .. .. 

920 

58*3 

50 .... 

1150 

79-2 


Comparison of the Physiological Costs of the Different 
Modes of Carriage. 

It is desirable not only to determine the relative metabolic 
costs of different meihods of canning any given load, but also. 



20 


if possible, to find objective evidence of reasons for the variations 
which appear. Examination of certain measurable physiological 
effects one by one might be expected to throw some light on the 
underling causes. Hence we may compare not only the oxygen 
consumption, but also the ventilation rates, the percentage 
increases of respiration and pulse rates, and of the blood pressure, 
over their respective resting values. 

The Ventilation Rate. 

The “ ventilation ” of the lungs is the volume expired in a 
given time, in this case, per minute. In the table, the net rate 
of working ventilation is given, i.e. the pre-work resting value 
is deducted. 


Table XIII. — Comparative Ventilation Rates. Net Litres 

N.T.P. Dry. 

Load. lbs. 20 30 40 50 60 


Model 11-26 

2 11-57* 

3 10-83 

4 11-88 

5 11-92 

6 11-57 

7 10-85 

8 11-40 


12-64 

14-80 

12-98 

17-11* 

10 -SS* 

12-63* 

13-37* 

12-63* 

14-94 

15-10 

12-37 

13*54 

10-15 

12-08 

11-55 

12-60 


17*44 

— 

18-33* 


14-28 

— 

13-01* 

15-81* 

14-61 

— 

14-81 

— 

11-91 

12-81 

14-37 

— 


These figures seem to afford some indication of the degree of 
interference with respiratory function. Mode 7 (the yoke) shows 
a very low rate throughout, and Mode 3 (bundles) is also low for 
the 20 and 30 lb. loads. The highest rates occur in the two 
series of tray-carrying in front of the body, where chest-fixation 
is greatest. 


The Increase of Respiration Rate. 

The percentage increase of the working respiration rate over 
the pre-work l 3 dng rate has been worked out. The “ working ” 
rate was counted standing, during the first half-minute after the 
conclusion of the hour’s work. The increases found were very 
variable and did not correlate with those in the last table. 
Respiration rates would seem to be of small value as indications 
of fine distinctions in the effects of muscular work. 


Pidse Rate and Blood Pressure. 

The pulse-rates are calculated as increases per cent, over the 
pre-work lying-down rate (after 30 minutes’ rest). The “ work- 
ing ” pulse-rate was counted between the fiftieth and the eightieth 
second after the cessation of the working hour. 


Average pre-work deducted. 
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Table XIV.- 

—Pulse 

Rate, Percentage 
at Rest, 

Increases over 

Lying 

Load. lbs. 

20 

30 

40 

50 

60 

Mode 2 

% 

33 

% 

22 

% 

40 

% 

35 

% 

5 .. 

56 

. 53 

56 

64 

. 

6 .. 

30 

47 

41 

52 

. 

7 .. 

20 

20 

33 

32 

27 

8 .. 

26 

45 

80 

78 

— 


The yoke method (No. 7) again gives a low increase through- 
out ; the hip-carrying (No. 5) shows a uniformly fairly high rise. 
The pulse rates for canying on the head (No. 8) (124 p.m. for 
40 lb. ; 121 p.m. for 50 lb.) are the highest recorded on this 
subject for work of this t 5 y»e. 

An attempt was also made to determine the influence of the 
mode and load on the blood pressure, but owing to the rapid fall 
on the cessation of work and the difficulty of getting the post- 
work determinations made in each experiment exactly at the 
same number of seconds afterwards, the results obtained were 
rather unreliable, and have been omitted. 


The Oxygen Consumption. 

Metabolic costs are commonly expressed either in oxygen 
consumption or in caloric expenditure, per minute. In the 
previous tables, both sets of data are given. For the sake of 
lucidity, only the oxygen consumptions are given in the two 
following comparative tables. 

The net oxygen consumption per minute (i.e. the lying 
pre-work requirement being deducted) gives perhaps the clearest 
picture obtainable of the relative physical effort required to 
carry the several loads in different ways (Table XVI and Graph I). 
But since the experimental ideal of exactly equal performances of 
work for each load, by all modes of carriage, was imperfectly 
realised, it is necessary to check these data by considering the 
cost of work per horizontal kilogrammetre (Table XVII and 
Graph II). In this table the modes are arranged in order of 
decreasing cost for each load. 


Table XVI. — Comparative Cost of Modes of Carriage. 
Og consumption per minute, net. 


Load. lbs. 

20 

30 

40 

50 

60 

Mode 1 

464 

522 

613 

675 



2 

473* 

522 

604* 

656* 

— 

3 

455 

492* 

534* 

667 

— 

4 

428 

547* 

609* 

608* 

778* 

5 

574 

657 

694 

725 

— 

6 

561 

573 

608 

700 

— 

7 

400 

440 

486 

516 

531 

8 

527 

575 

626 

692 

— 


* Average pre-work deducted. 
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Graph I. Comparative costs of eight modes of carriage : Oxygen ■ 
consumption per minute. Net. 


Table XVII. — Decreasing Costs, c.o. Oxygen per horizontal 
kilogrammetre. Net values. 


20 lbs. 


30 lbs. 


40 lbs. 


50 lbs. 


60 lbs. 

Hip .. .. 

•121 

Hip., .. 

•133 

Hip.. .. 

•135 

Tray I. . . 

•142 

Shoulder.. *144 

Back . • 

•118 

Back 

•120 

Tray II... 

•122 

Hip . . . . 

•141 


Head. . . . 

*109 

Head 

•116 

Head . . 

•121 

Back \ 


— 

Tray II. , . 

•103 

Shoulder . . 

•113 

Tray I. I 


Bundles / 

•137 



Tray I, .. 

•100 

Tray II... 

•111 

Back y 

•120 

Tray II. \ 


- — 

Bundles . . 

•099 

Tray I. .. 

•109 

Shoulder J 


Head / 

• 131 


Shoulder .. 

•090 

Bundles .. 

•101 

Bundles .. 

•110 

Shoulder . , 

•122 


Yoke 

•082 

Yoke 

•089 

Yoke .. 

•094 

Yoke . . 

•097 

Yoke . . -097 


z 


2 


'VAO 

•150 

•1J.0 

• no 

•lOO 

090 

oso 



-■ ■ ■ ... . . ■ -- A. .. 

U>AO . iB%, 10 30 4.0 50 bO 


Graph II. Comparative costs of eight modes of carriage. Oxygen per 
horizontal kilogrammetre of work performed. Net. 
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Interpretation of the Results. 

By the consideration of, for instance, the curves of Graph II, 
some summary may be made of the findings of this investigation. 

The metabolic costs of yoke-carrying, Mode VII (even allowing 
for the extreme correction, suggested on page 18 above), are 
conspicuously low ; the tables of ventilation, pulse and blood- 
pressure changes show that this method involves less physio- 
logical disturbance than any other, and the subjective estimate 
strongly confirms this. The shape of this curve in the two graphs 
should be noted ; its relative flatness indicates that even at 
60 lb. load, the point has not been reached where physiological 
costs rise more than proportionately to the increment of work- 
performance. 

On this point, the curve next above it in the graph, that for 
bundle-carrying, offers a contrast. The very steep rise of cost 
at 50 lb. load is unquestionably due to severe local strain, and the 
same factor accounts for the abrupt rise in the curve of Mode I 
(Tray I). The relatively low costs of the 20 lb. and 30 lb. bundles 
are probably due to the same causes which make yoke-carrying 
pre-eminently satisfactory, viz. : the erect position and the free 
gait. 

The next curve, for shoulder-carrying, has a break at 50 lb. 
which should probably be smoothed out (see page 15). The 
curve would then rise fairly equally, indicating (as the subjective 
impressions confirm) that the method does not become markedly 

inefficient '' for any of the loads tested. There are, unfortunately, 
no data for pulse-rate, etc., in this case. Though apparently 
not physiologically unsatisfactory, the method is much more 
costly than carrying with the yoke. It is suggested that this is 
due in the main to the displacement of the body necessary to 
bring the centre of gravity over the feet. 

The curves for carrying in trays and on the head require 
little comment. The high level of the whole curve for head- 
carrying may be attributable to chest-fixation and undue muscular 
tension. The critical point in the case of Tray I has been pointed 
out above. 

The same critical point, marking 401b. as the maximum 
economic load, occurs also in the curve for rucksack-carrydng, 
but here the disproportionately greater cost of 50 lb. is not due 
to local fatigue. No explanation of this “ efficiency point 
offers itself from the data collected. The high position of the 
rucksack curve as a whole may be connected with the pronounced 
stoop which compensates the dorsal load. 

In the curve for carrying on the hip, there is again some 
indication that an efficiency point is reached with a load round 
about 35 per cent, of the body weight, and the pulse rates here 
correlate with the metabolic data. The costliness of this mode 
of transportation would seem to depend chiefly on the conjunction 
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of two conditions : the curvature of the body, for the effect of 
which there is already some evidence, and the virtual immobili- 
sation of the knee and ankle joints of one leg, causing a very lame 
gait. 

It is evident that the interaction of the four factors — ^local 
strain, posture, gait, and chest freedom — is complex, and is 
moreover different for different loads. It is not possible to state 
definitely which is the most important, and there may be other 
factors involved. But it is at least apparent that the hip- 
carrying, which has aU four disadvantages, is metabolicaUy a 
more costly method of transporting material than any other 
tested. It is also clear that yoke-carrying, where these disabling 
factors are absent or reduced to a minimum, is physiologically 
inexpensive. 

The curves which lie close together in the middle of the graphs 
might be found in rather different positions, relative to one another, 
in another subject or in the same subject after practice. The 
contrast, however, between the highest and lowest curves is so 
great as to suggest that the physical factors discussed will affect 
physiological costs permanently. 

Mechanical Efficiency and the Industrial Effectiveness 
OF THE Human Machine. 

This paper deals primarily with the relative desirability of 
different methods of carrying loads ; incidentally with their 
weight ; and not at all with the question of a maximum " safe ” 
load. 

Any organisation or inanimate machine, is, of course, most 
efficient when running at the full capacity for which it is designed. 
Similarly, on various grounds, it is undesirable that the " human 
machine ” should work much below its capacity. Suppose the 
case that a woman is, in every way, perfectly capable of trans- 
porting material in 60 lb. loads, over a given distance, at a given 
pace, for so many hours per day. If she were to carry it in 30 lb. 
loads at the same pace, the wages bill would in effect be doubled, 
while the woman herself would not benefit proportionately. Her 
physiological costs would be much less than halved, while mental 
tedium might well be increased, for she would lose that element 
of pleasure which, in health, is commonly found in doing “ what 
takes a bit of doing ”. If, on the other hand, she were required 
to complete the same total of external work in the same time, 
in 30 lb. loads, by doubling the pace, the immediate result to 
the management might be much the same, but the metabolic 
costs and nervous strain to the worker would be dangerously 
increased. 

A worker’s habitual speed for continuous labour may not 
actually be his optimum, but it will almost certainly be found 
at some point within the rather narrow range of speeds "physio- 
logically efficient ” for such work. At higher speeds steady work 
cannot be maintained without rest-pauses. Finally there will be 
an upper limiting speed, perhaps double that which is habitual, 
which can only be maintained for a few' minutes. 
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The broad relations of speed and load to the effective working 
of the human machine may easily be seen by anyone who cares to 
experiment on, for example, Cathcart's hand-lever ergometer. 
Suppose that for a certain load, 100 movements of the levers per 
minute is found a satisfactory speed, one that can be kept up for 
hours. If the speed be increased to 200 strokes per minute, the 
experimenter may find difficulty in lasting out ten minutes. If a 
metabolic determination is made, the costs per kilogrammetre 
may be, or appear to be, lower ; but this may be due to the 
fact that the body in such a case runs up an oxygen debt, and 
to measure the whole oxidation demanded by the exertion it 
would be necessary to study the more or less prolonged recovery 
period. Even should complete measurement still show a high 
mechanical efficiency, there remains the practical point that 
such exertion can only be maintained for a few minutes. Suppose 
now that the levers are worked at a rate of 50 strokes per minute ; 
the physiological costs will not be halved, and therefore the cost 
per kilogrammetre will be higher. 

If now the speed be kept constant, and the load on the ergo- 
meter-brake varied, much the same thing appears. Any subject 
has a small range of loads, suitable to his physique, with which 
at a normal speed, say 100 strokes per minute, he can keep up 
his optimum output of work for some hours. If the load is 
doubled, the cost per kilogrammetre may be somewhat reduced, 
and so the mechanical efficiency raised, but not by much ; and 
in extreme cases, the opposite may be found. In any case, the 
tax on the organism is such that the work cannot be continued 
for anything like one-half the time possible with the norma^ 
load, and so the total output of external work is less. If the 
normal load now is halved, the physiological costs are reduced 
by much less than half. 

Loads too low are inefficient in the mechanical sense ; loads 
too high may be mechanically efficient, if the time (endurance) 
element is disregarded, but they make strongly against the 
industrial effectiveness of the human body by reducing the 
period for which the exertion can be maintained, and by leaving 
after-effects of fatigue. 

Applying this to the experiments under consideration, 
Table XVI, Mode 7, may be taken to illustrate the points at 
issue. The cost rate per minute to the body of carrying 20 lb. is 
400 cc. of oxygen ; to move 40 lb. at the same pace costs much 
less than 2-X 400 cc. ; and to move 60 lb. at the same pace costs 
much less than 3 X 400 cc. Therefore, it seems, on the ground 
of mechanical efficiency, that it is preferable to carry 60 lb. ; 
and this is, of course, true (with the proviso discussed below) 
for simple reasons. In each case the body weight has also to 
be carried, and the greater the external load, the greater is 
the productive result of this physiological exertion. In other 
words, it is clear that, by reducing the load by one-half or 
two-thirds, and by making therefore two or three journeys 
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instead of one, the maintenance charges of the working organism 
for two or three minutes instead of one minute, are bound 
to outweigh the economy of the lower cost per kilogrammetre of 
the lower loads. 

The proviso is, however, all-important — that the capacity of 
the organism for continued effort must not be impaired. The 
“ lazy man’s load ” may break his back, and the pursuit of mere 
mechanical efficiency may lead to the advocacy of a load (or a 
speed) which is physiologically excessive and, therefore, in the 
long run, industrially ineffective. 

The tables given show that the cost of work per horizontal 
kilogrammetre rises absolutely with the load carried. Even the 
light loads, except perhaps on the yoke, are not carried so effi- 
ciently as so much body weight, and in some cases each addition 
to the load produces a very considerable increase in the 
cost of every kilogrammetre of the work. This has been very 
generally found in experimental work of this kind, and it does 
not contradict the principle that it is more economical to work 
up to one’s capacity than below it, as common sense urges, and 
scientific measurement demonstrates (Table XVI). 

What is of great importance is not this absolute rise of costs 
per horizontal kilogrammetre, but the relative rise which is seen 
in Graph II, where some cost-curves, between the 40 and 50 lb. 
loads, turn sharply’ upwards, while the work-curve rises equally, 
or in some cases flattens down somewhat from the su'bject’s 
inability to keep up the pace. (The work-curves are not drawn 
in Graph II, but see the data in Tables V to XII). 

Where this relative increase of costs sets in, the physiological 
efficiency point may probably be located. Beyond this, the cost 
to the organism of every additional kilogrammetre of work is 
disproportionately hear’y, and it is significant that at this point 
also the output of work was in some cases imavoidably reduced. 
The rough computations of output and costs for an hour’s work, 
at the foot of Tables V to XII are worth examining. 

From the tables and figures, it appears that the efficiency 
point was not exceeded with the 60 lb. load, possibly in shoulder- 
carrying (Mode 4), certainly in yoke-carrying (Mode 7). But in 
most of the other modes, the efficiency point may be placed at 
40 lb. This is not to say that women in workshops should be 
forbidden ever to carry more than 40 lb. by any of these methods, 
but it does mean that they are physiologically very, costly for 
prolonged work with heavier loads. More observations are 
needed, both from laboratory and factory, before it will be 
possible to state, even in general tenns, what is the economic 
load for normal women in industry. These experiments suggest 
that the continuous carrjdng of a load exceeding about 35 % of 
body-weight, if so disposed as to disturb normal poise and 
movement, is likely to cause rapid impairment of working 
capacity. 




Top row : (1) Mode 1 ; (2) Mode 2; (3) & (4) Mode 3. 

Second row : (1) & (2) Mode 4 , (3) Mode 5 ; (4) Mode 6. 

Third row . (1) & ^2) Mode 7 ; (3) Mode 8 ; (4) Normal standing. 
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When the experimental work was completed, a number of 
shadow-photographs were taken, to verify the analyses made of 
the adaptations of the bodily posture to the load in its various 
positions. Photography of the work in progress being imprac- 
ticable without special equipment, the standing position was 
taken, the load being in every case 40 lb. These pictures show 
with some exactness the degree of body-displacement necessary 
to maintain the normal balance on the arch of the feet with 
minimal muscular tension. There is nothing accidental about 
the posture taken up : the optimum position could be gauged to 
a nicety. Several of the positions were taken in duplicate and 
triplicate on different occasions, and the versions of each mode 
are hardly distinguishable from each other. In the profile 
pictures, a line tentatively suggesting the plane of the centre of 
gravity is drawn through a point about one inch in front of the 
external malleolus. 

The silhouettes illustrate most of the circumstances, favour- 
able and unfavourable, which have been discussed as affecting 
the cost of the different modes of carriage. 

It is a great pleasure to acknowledge my gratitude to Professor 
Cathcart for help of every sort throughout this work ; and to 
Mrs. Cathcart for her kindness in taking the photographs. 

For the first four sets of experiments, Dr. E. M. Hewitt is 
equally responsible with myself, and they formed part of the 
material of a report published in the Chief Inspector of Factories' 
Annual Report, 1923. It is by her permission, and that of the 
Home Office, that these data are here incorporated with the rest 
of the work. 

My thanks are also due to Dr. Gillespie and Dr. Wishart, 
who very kindly helped me by acting as observers in some of the 
later experiments. 
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Introduction. 

In industrial work, especially if it is of a strenuous physical 
character, it is sometimes found desirable to introduce rest pauses 
at regular intervals between bouts of hard labour, but we have 
no information as to what constitute the most suitable systems 
of rest pauses under various conditions. It is very difficult 
to investigate the subject under industrial conditions, so an 
attempt was made to do so in the laboratory. Scarcely 
any laboratory experiments on the effect of rest pauses have 
been made hitherto, partly because most investigations on muscular 
work have been made by means of the well-known ergograph of 
Mosso (1890), or instruments of similar type. In these instru- 
ments a heavy weight is raised by means of the middle finger 
of one hand at regular intervals, and usually the capacity for 
raising the weight falls to zero in a minute or two. Muscular 
strength is very far from being exhausted, however, and, it is 
only necessary to lighten the load in order to enable the finger 
to continue its contractions. 

A great improvement on the principle of the ergograph was 
employed by Schenck (1900), who allowed a muscle of the hand 
(the abductor indicts) to work isometricaUy against a spring 
(Fick’s apparatus). He found that when the muscle was alter- 
nately contracted for a second and relaxed for a second, the 
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strength of its contractions fell in three minutes to about two- 
thirds of their initial value, and then remained practically constant 
for as long as the experiment was continued, even if it lasted an 
hour. Hough (1901), who used an ergograph in which the middle 
finger pulled against a spring, obtained a similar result. He 
contracted the finger for half a second, and relaxed it for 1-| 
seconds, and he found that in a period of one to seven minutes 
the height of the contractions fell to a level which was 70 to 80 
per cent, the height of the initial contraction. If the rh 5 rthm 
were altered, and the relaxation interval were increased from 
IJ seconds to 9^ seconds, the contractions regained their initial 
height in about a minute. Hough found that the height of the 
" fatigue level ” varied inversely with the rapidity of the rhythm 
of contraction. 

It is evident that an ergograph which worked against a spring 
could be used for investigating the effect of rest pauses on the 
capacity for muscular work, though it is uncertain how far the 
effects produced in two forearm muscles could be held to apply 
to the much larger groups of muscles usually employed in industrial 
work. No such observations appear to have been made hitherto, 
and the only record I can find of rest pause experiments are those 
made by Walhich and Dawson (1921) with a bicycle ergometer. 
These investigators determined the number of revolutions made 
in an hour (a) when the bicycle was ridden continuously ; (6) when 
it was ridden for ten-minute periods, followed by five minutes’ 
rest. One subject, when working continuously against a 16- 
Idlogram break, at first made 2,050 to 4,078 revolutions, and after 
several days’ practice, 6,409 to 6,895 revolutions. When rest 
pauses were interposed, however, he made 3,946 to 4,752 revolu- 
tions at first, or distinctly more than m the absence of rest pauses, 
but after several days’ practice he increased his revolutions 
only to 5,176 to 5,204. Hence the rest pauses were disadvantageous 
to him when in training, but advantageous when he was untrcdned. 

Much light on the fundamental principles which determine 
the need of rest pauses is afforded by the recent investigations 
of A. V. Hill and his colleagues. As already mentioned, both 
Schenck and Hough found that after a brief initial period their 
muscular contractions remained at a steady level, and Fletcher 
(1902) found that if a frog’s gastrocnemius muscle were excited 
at regular intervals, it likewise, after an initial fall of contraction 
height, showed a prolonged period of nearly steady contractions, 
provided that it was kept in an atmosphere of oxygen. HUl and 
Lupton (1923) found that when a trained subject ran at a steady 
pace, his oxygen consumption rapidly rose, and after about 2^ 
minutes reached a steady level. This was maintained even when 
the running was continued for as long as 27 rninutes. The 
magnitude of the oxygen consumption increased with speed 
of the runner up to a certain point, but beyond that it showed 
very little further rise, whatever the speed. The reason w^ 
that the maximum intake of the body had been reached, this 
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maximum depending on the capacity of the lungs and circulatory 
system, and other factors. However, the “ oxygen requirement ” 
of the runner’s muscles increase rapidly with increasing speed, 
and in consequence they get more and more into “ oxygen debt.” 
The extent of the debt permissible is strictly limited, and it can 
be paid only by taking an actual rest from work, or by slowing 
down the rate of work. That is to say, muscular work is divisible 
into two distinct classes : — {a) that which is performed with such 
vigour that the body runs into an oxygen debt which absolutely 
necessitates the taking of rest pauses, and (6) that which is 
performed with a less degree of vigour, and on that accomit 
permits the attainment of the so-called “ steady state.” This 
state can in theory be maintained indefinitely without the necessity 
of rest pauses, and its existence depends on the fact that the 
rate of lactic acid production in the body is balanced by the 
rate of its oxidation and removal, so its concentration in the 
muscles remains constant. When the body is in oxygen debt, 
however, the lactic acid accumulates in the muscles, till it (or 
rather the hydrogen ion concentration) reaches a concentration 
sufficient to inhibit further activity. 

All of the muscular work described in the present report is 
of the second class : i.e. it was of such a character as to permit 
the attainment of a “ steady state.” It is important that this 
condition should not be overstepped in industrial work, for its 
existence implies that the breakdown in the muscles is never 
^eater than the maximxim rate of recovery. In some forms of 
industrial work it may occasionally be necessary for the worker 
to exert himself so strenuously for a short time as to run into 
oxygen debt, but there can be little doubt that such work is 
extremely fatiguing, and should be avoided whenever possible. 

The Dynamometer Employed. 

In my own experiments, of which a preliminary account was 
published in 1922, I employed throughout a dynamometer which 
tested the strength of the back and arm muscles. Its form can 
be gathered from Figs. 1 and 2. It has the merit of being portable, 
and it is unnecessary to fasten it to the floor when in use, as the 
subject stands on the cross-bar of the T-piece and pulls against 
it. In the recording experiments, however, I found it best to 
screw it to the floor, in order to prevent the risk of shifting. The 
spring balance of the dynamometer registered up to 5001b., and 
it was provided with an indicator hand, as well as the hand 
connected with the spring. In the first series of experiments, 
the chain attached to the handle was connected with the spring 
balance by means of a wire cable which passed under a pulley 
wheel, mid as the pulley was on ball bearings, the loss of power 
from friction was very small. The cable wore out rather quickly 
and had to be renewed, so in the second series of experiments it 
was replaced by a bicycle chain. This proved quite satisfactory. 
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Fig. 1. Dynamometer showing 
frame handle 


Fig 2 Dynamometer showing 
ordinary form of handle. 
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The recording lever consisted of a long steel rod with one end 
bent and sliding in a small grooved plate of brass fixed to the 
iron connecting arm of the spring balance. As this arm moved 
straight backwards and forwards when the handle was puUed, 
whilst the bent recording rod moved in a circle, it was impossible 
to obtain a perfect fit between the two, but the very small amount 
of play necessary can be gathered from the records reproduced 
below. The position of the steel rod could be altered so as to 
obtain any magnification of movement desired, but as a rule the 
magnification was 3 -5 to 4- 0-fold in the first series of experi- 
ments, and 2- 8-fold in the second series. The spring balance 
arm moved only 11 m.m. when subjected to a 2W lb. pull, so 
the muscular contractions were practically isometric. The 
dynamometer was provided with the two forms of handle shown 
in Figs. 1 and 2. The “ frame ” handle is theoretically the best, 
as it enables the subject, who gets inside the frame, to stand 
vertically over the resistance against which he is puUing, but 
it has several disadvantages. In order to be certain that it would 
stand a pull of 500 lb., it was made very substantially, and it 
weighed Ilf lb. For ordinary purposes it would have been 
strong enough if of half this weight, but even then it would have 
to be supported whenever a rest pause was being taken, whereas 
the ordinary form of handle, which weighed only lOJoz., or 
20J oz. with the chain, could easily be held in one hand without 
causing fatigue. 

The djmamometer itself was made to my design by Mr. S. W. 
Bush, of the Oxford Scientific Instrument Works, and it proved 
quite reliable. It can be puUed continuously for an hour or 
more without causing any p^ in the hands, once they have got 
hardened by practice. This is a great advantage over hand-grip 
d 3 mamometers, which are apt to cause pain after a short period 
of use. 

The Maximum Strength of Pull. 

Before starting the rest pause experiments, I made a series of 
control experiments with the d 5 mamometer for several months, 
more especially to find out the conditions under which a maximum 
pull could be exerted. By fastening the handle to different links 
of the chain, I could determine my pull at different heights above 
floor level, from 10 in. and upwards. In order to get nearer 
than this to the level on which I was standing, I stood on bricks 
placed on either side of the pulley wheel, but I could not con- 
veniently manage to pull when nearer than 2-0 in. with the 
frame, and 2-9 in. with the ordinary handle. The puUs were 
made gradually without any jerk, and were maintained several 
seconds at the maximum tension. 

After a series of observations in which I made the maximum 
pulls every day for a month, I made a series of 15 puUs on 
each of six days with the frame at different heights above floor 
level. An interval of about four minutes was allowed to elapse 
between each pull, and on alternate days I started at the full 
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length of chain or at floor level, and worked steadily to the 
opposite position. Owing to fatigue I weakened slightly during 
the cycle, and my last four pulls were, on an average, 3-8 per 
cent, smaller than my first four. In the next series of frame 



experiments, made about four weeks later, I allowed an interval 
of about 15 minutes to elapse between each pull. Then my 
last four pulls were 3 -6 per cent, smaller than my first four. 

The mean results of the frame experiments are plotted out 
in the upper part of Fig. 3, whilst the actual strengths of pull at 
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the salient points are recorded in Table I. It will be seen that 
my pull was fairly considerable just above floor level, and then 
fell gradually till it reached a minimum when at a height of 
17-2 in. From this point it rapidly mcreased, and reached its 


Fable I . — Average pull in lb. at different heights above floor level. 


Height above 

H.M.V. with 
frame. 

H.M.V. with handle. 

C.G.W. with handle. 

floor. 

Oct. 6 

Nov.l 

Oct. 22 

Feb. 9 

Apr.29 

Jan. 3 

Feb. 7 

Apr.29 

2 • 0 (or 2 • 9) m. 

226 

252 

232 

247 

238 


189 

234 

17-2 (or 13-7) 
in. 

168 

189 

168 

177 

178 

— 

150 

189 

27-7 in. 

262 

291 

249 

277 

309 

242 

269 

280 

32*4 in. 


216 

202 

224 

238 

176 

198 

204 

Mean of pulls 









at all heights 

I 219 

244 

1 212 

227 

243 

— 

202 

229 

Mean variation 




HI 


■i 

Hl^ 


(as per cent.) 

5-4 

4-1 


■ 


O 

D 

2-2 


maximu m at a height of 27-7 in. above floor level. At greater 
heights still it rapidly weakened again. The results obtained 
about 1st November resemble those obtained about 6th October, 
except that my strength of pull (the average of the 15 sets of 
observations at all heights) was 25 lb. greater. 

The data obtained in the three sets of handle experiments are 
recorded in the middle of Fig. 3. The curves resemble those 
obtained with the frame, only they show a relatively smaller pull. 
Thus the series made about 22nd October shows a mean pull of 
212 lb., which is 8 per cent, less than the_^average of the preceding 
and succeeding frame series. This represents the loss of power 
produced by pulling in the mechanically imperfect position 
necessitated by the use of the handle, and the further the handle 
is held from the body, the less the strength of puU. For instance, 
at a distance of 2 in. in front of the legs the strength of pull was 
27 per cent, less than with the frame ; at a distance of 4 in. it 
was 37 per cent, less, and at one of 6 in., 45 per cent. less. These 
results are the means of six sets of observations in each case. 

The figures recorded in Table I show that between 22nd October 
and 29th April my mean pull improved from 212 lb. to 243 lb., 
owing to practice. The other figures recorded show that Mr. C. G. 
Warner, who repeated most of the dynamometer experiments 
made by myself, showed a greater improvement still. His handle 
experiments are plotted out in the lower part of. Fig. 3, and it 
will be seen that though the curves have a general resemblance 
to mine, they do not correspond closely. 

(15098; c 
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The individual observations on the strength of pull showed a 
good deal of variation, and the extent of this variation is recorded 
as the “ meajr variation,” reckoned as a percentage on the mean 
pull. It varied from 3-7 to 5-4 per cent, in my own series of 
observations, and from 2-2 to 3-7 per cent, in those of C. G. W. 
This percentage variation remained nearly constant at all heights 
of puU, whether at floor level or at the minimum or maximum 
positions. 

The existence of a weak spot in one’s piilling or hfting capacity 
is a fact of practical importance which, though known to many 
workmen, has not hitherto been subjected to accurate measure- 
ment, so far as I am aware. Supposing that I myself, for instance, 
wished to lift a weight of 200 lb. from the floor to a bench 2 ft. 
to 21- ft. in height. I should find that I could lift it up a short 
distance without much difficulty, and I should also have found, 
had I tried it, that I could easily raise it from the bench itself, 
but if I tried to raise it from the floor to the bench I should have 
to move it through a position at which my maximum lifting 
capacity was only 168 to 178 lb., and I should inevitably strain 
my muscles. 

The capacity for pulling and lifting is dependent chiefly on 
the strength of the back and arm muscles, for the leg muscles 
always possess very much more strength than is required for the 
purpose. This is brought out rather strikingly by comparing the 
maximum strength of pull (with handle at optimum height above 
floor level) when standing on one leg and on both legs. When 
pulling on one leg it is necessary to steady oneself by touching 
the floor with the toe of the other foot, but practically no pressure 
need be exerted. 


Table II . — Relative strength of pull. 


Conditions. 

H.M.V. 

C.G.W. 

Standing on both feet and using both hands 

100 

100 

„ right foot 

$> 

98 

96 

,, left foot 


98 

98 

„ both feet 

„ right hand 

55 

49 

n ** 

„ left hand . . 

52 

54 


It will be seen from Table II that if the sti'ength of pull under 
ordinary conditions is taken as 100, it is only 2 to 4 per cent, 
less when standing on one leg. It seems to follow, therefore, 
that if a man, when trying to wheel a very heavy wheelbarrow, 
finds that he can manage to raise the han^es from the ground, 
he ought to be able to move forward alternately on one foot and 
on the other without overstraining himself. Even in the weak 
spot region one leg is almost as good as two, for I fotmd that at 
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15-8 in. above floor level I pulled exactly the same when standing 
on my left leg as I did on both legs, whilst on my right leg I 
pulled 2 per cent. less. 

When we pulled the handle by means of one hand, which was 
used to grip the centre where the chain is fixed, we found that 
our strength was only slightly more than half as great as when 
both hands were used. I myself pulled 55 per cent, of my 
two-handed strength when using my right hand, and 52 per cent, 
of it when using my left, but C. G. W., who is left-handed, showed 
values of 49 and 54 per cent, respectively. The results recorded 
are the means of eight or ten sets of observations in each case. 

Continuous Work at Different Rhythms. 

In all the experiments to be described, the d 3 mamometer was 
pulled by means of the handle, which was fixed either at the 
optimum height of 27*7 in. above floor level, or at a height of 
30*0 in. At this latter height my maximum strength of pull was 
7 per cent, less than at the former, whilst that of C. G. W. was 
18 per cent, less, but the experiments were rather less tiring 
as the back was kept practically straight throughout, instead of 
in the slightly bent position necessitated by the shorter chain. 

The handle was pulled synchronously with the ticks of a 
metronome, set throughout at a speed of half seconds. A maxi- 
mum pull was made between the ticks 1 and 2, ^ and 
relaxation lasted from tick 2, through tick 3, and continued 
till the beginning of the next one or more ticks, when another 
pull was made. As the result of a number of- experiments in 
which the movement of the lever was recorded on a fast moving 
drum, I found in my own case that on an average the contraction 
, phase lasted approximately half a second, whatever the duration 
of the relaxation phase. That is to say, with contraction for 
ticks 1, 2 and relaxation for tick 3, the actual contraction period 
lasted half a second, and the relaxation period one second. With 
contraction for ticks 1, 2, and relaxation for, e.g. ticks 3, 4, 5, 
6, 7 and 8, the relaxation period lasted. 3-| seconds. In any 
given series of 20 consecutive pulls the duration of the 
actual contraction period was remarkably steady, but this was 
not the case in observations made on different days, or at different 
times on the same day, and I found that my actual contraction 
period varied between the extremes of 0-35 second and 0*63 
second, whilst C. G. W. had a longer contraction period than I, 
and in the few observations made showed a period of 0*62 to 
0*72 second. 

It is quite impossible to ensure that the contraction period 
be maintained at all accurately at the half second desired, but 
the error introduced by the deviations is probably very small. 
Thus Hough (1901) found, by means of his spring ergograph, 
that when the middle finger was contracted for half a second 
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and relaxed for seconds, the fatigue produced was just as 
great as when it was contracted for 1 second and relaxed for 
1 second. Johansson (1901), who pulled an ergometer with 
both his arms, found that his COg output increased 9 to 27 per 
cent, when the contractions lasted 2 seconds instead of 1 
second. Again, Zoth (1906), who used a Mosso ergograph, found 
that the recovery time was about the same whether he kept his 
finger contracted for a full second each time, or made as rapid 
a contraction as possible. 

My experimental results agree with those of Schenck and 
Hough in showing that a nearly steady level of contraction 
height is attained in a very few minutes, this height depending 
on the frequency of the contractions. In Fig. 4 is seen 
the effect of pulling once every 4 seconds for the first 
6 minutes, and then of pulling once every 1-|- seconds. At 
first I pulled about 222 lb. each time, but in 4 minutes my 
pull had fallen to a nearly steady level of 202 lb. On changing 
to the more rapid rhythm, my pull fell to a level of 103 lb. in less 
than a minute, and remained steady at this value. In Fig. 5 
the converse experiment is recorded. I started pulling once 
every 1-| seconds, and it will be seen that I reached a nearly 
steady pull of 102 lb. in 5 minutes. After 10 minutes I 
changed to the other rhythm, and in 1| minutes I got to a 
steady pull of 207 lb. This was as great as the initial pull with 
the fast rhythm, but this result was partly due to the fact that 
I changed my posture (as described in the next section) during 
each 3^ seconds' relaxation, 

A number of other experiments w^ere made in which the 
rhythm was changed in the middle, and they agreed in showing 
that a contraction height proportionate to the rhythm was 
attained in 1 or 2 minutes. This was less than the time 
needed for the attainment of an approximate level in the first 
half of each experiment, as this usually amounted to about 4 
minutes. The shorter time observed in the middle contractions 
was due to the fact that some approach towards the attainment 
of the steady state (when there is a balance between the 
production of lactic acid on the one hand, and its oxidative removal 
on the other) had already been induced by the earlier contractions 
(cl Hill and Lupton). I have stated that in all the experiments 
a maximum " pull was made each time, but it was scarcely 
that. It was maximum with the mental proviso — of which one 
was scarcely conscious — ^that further maximum pulls were to be 
made immediately after. By an effort of the will a supra- 
maximal contraction could be made at any time, but this almost 
always had the effect of causing the next two or three con- 
tractions to be submaximal. This phenomenon is well shown 
in Fig. 5, where I made a supramaximal puU at 5 minutes 
from the start of the experiment, to simplify the subsequent 



PULL IN LBS 



Fig 4 Contraction/Relaxation = | sec /3J secs br 6 mm * 
then \jl sec lor 4 mm 



TIM*-- IN MINUTFS 

Fig 5. C/R = ^/1 see. for 10 min. : then J/3J sees, for 5 mm. 
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measuring of the record. Because of the irregularities causea 
by putting in such supramaximal contractions, I speedily gave 
them up. 

The actual strength of pull was fairly steady for each rhythm, 
but in order to obtain really comparable results, I adopted several 
precautions. It has already been shewn that the average strength 
of pullincreased considerably during the course of the investigation. 
In order to avoid this source of error, I mixed up my experiments 
at different rhythms and with different rest pauses interposed, 
so that all the groups of experiments might reap a similar 
advantage from my improvement in strength. Another source 
of error lay in the daily cycle of fatigue, but this proved to be a 
very small one. My usual custom was to make four experiments a 
day, viz., at about 9.0 a.m., 12 noon, 3 p.m., and 6 p.m. At first 
I made only 10-min. experiments, as I got too tired if they were 
of longer duration ; but afterwards I made two 10-min. and 
two 20^-min. experiments, or three 20-min. experiments, and 
longer ones still occasionally. Every kind of experiment was 
made on at least one occasion at each of the times mentioned, 
and on averaging 27 sets of 10-mins. experiments I obtained 
the following results : — 

9 a.m. 12 noon. 3 p.m. 6 p.m. 

Average strength of pull during 

Istnoinute 206 205 201 203 

Average strength of pull during 

5th to 10th minute . . . . 147 148 151 149 

It will be seen that though my initial strength of pull fell off 
about 41b. during the course of the day, my average strength 
during the 5th to 10th minutes (both inclusive) increased 4 lb. 
between 9 a.m. and 3 p.m., and then fell away slightly. In 
any case the diurnal variations are so small that for practical 
purposes they can be ignored. 



Fig. 6. The effect of duration of relaxation penod 
on strength, of pull. 
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In plotting out the experimental results, I averaged the 
strength of pull during the 1st, the 2nd, the 3rd and 4th, the 
5th and 6th, the 7th and 8th, and the 9th and 10th minutes of 
experiment, and these average values are recorded in Fig 6. 
It will be seen that at each rhythm the contraction height reached 
a fairly steady level after about 4 minutes, so the mean level 
between the 5th and 10th minutes may be taken as an index of 
the capacity for muscular work at the particular rhythm. The 
results of each experiment are recorded in Table III, and in 
the last column the average amount of work done per minute is 
shewn. It will be seen that it falls off fairly steadily the slower 
the rhythm, till it is only 68 per cent, as great when 15 pulls 
were made a minute instead of 40. 


Table III . — Capacity for Work at Different Rhythms. 


Rhythm. 

‘ Strength of pull m 1st mm. 

Strength of pull m 5th to lOtli 
mins. 

Work clone per ram . 
(5-10 mins ) 

Contr.^sec : 
relax 1 sec 

Mean. 

204,196.191.197,206 .. 199 

Mean 

100,99,109,118,104 .. 106 

106x40=4240 (100) 

Contr. 1 sec : 
relax. 1^ secs. 

239,181,195,213,210 .. 

208 

119,113,107,140,140 .. 

1 

124 

124x30=3720 (88) 

Contr. i sec, 
relax 2 secs 

220, 209, 203, 200, 213, 203 

208 

135,158,136,131,145,133 

140 

140x24=3360 (79) 

Contr. sec. 
relax. 2j^ secs. 
Contr. A sec.* 
relax. 3i secs. 

187,210,209,208.. 

204 

153,167,178,168 . 

167 

167 x 20= 3340 (79) 

222,224,223,226.. 

224 

194,193,200,177.. 

191 

191X15=2865 (68) 


The Influence of Rest Pauses on a Subject shewing a 
Marked Effect. 

The two subjects of experiment differed considerably in their 
response to the introduction of rest pauses, C.G.W. being much 
less influenced than I was. In two series of experiments on myself 
the duration of the rests was in the proportion of 1 of rest to 4 
of work, and in a third series, with a faster rhythm, in the propor- 
tion of 2 of rest to 3 of work. During the rest periods I stood 
over the djmamometer, as in the work periods, but in half of 
the experiments I remained in an absolutely unchanged posture, 
whilst in the other half I kept on altering my posture by straight- 
ening my back, or bending slightly 'backwards, whilst at the 
same time I held the dynamometer handle alternately in one 
hand or the other, and gently moved the free arm about, and 
more especially t'wisted the forearm from side to side. I never 
did any actual massage, but the mild changes of posture mentjoned 
had a most extraordinary effect on my recovery from the fatigue 
of the preceding bout of work. Proof of this statement is shewn 
in the parallel pairs of records shewn in Figs. 7 and 8, and 9 and 10. 
In each pair the upper record shews the effect of maintaining an 
unchanged posture during the rests, whilst the lower record 
shews the effect of change of posture. In Figs. 7 and 8 are seen 
the effects of alternately working for 8 seconds and resting for 




Fig 9 Work 3 min : rest 2 mm Posture unchanged. 
(C/R = 4/1 sec ) 
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2 seconds, the handle being at the optimum height and the 
rhythm C/R = J/1 J seconds. In Figs. 9 and 10 the work period 
lasted 3 minutes and the rest period 2 minutes, but the relatively 
longer rest was practically neutrahsed by the faster rhjdhm 
employed (C/R = J/1 second). The records reproduced are 
average samples of the series, but in order to see the degree of 
consistency attained at different times it is best to compare the 
plotted results from the curves. In the next two Figures are 


O S 10 15 20 0 S 10 15 20 



Fig. 11. The effect of various durations of rest pause (handle at 
optimum height : C/R = f/1} secs.). 


plotted the experiments lasting 20 minutes or more, whilst 
numerical details of the 10-min. experiments are recorded in 
Tables IV to VI. 

In Fig. 11 is shewn the effect of (a) working 32 seconds and 
resting 8 seconds ; (&) working 96 seconds and resting 24 seconds ; 
(c) working 4 minutes and resting 1 minute. The handle of the 
dynamometer was at the optimum height, and the rhjrihm was 
J/IJ seconds. The “ posture unchanged ” experiments are 
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recorded as broken lines, and the " posture changed ” ones, as 
continuous lines. The difference between the two series is most 
marked in {b), and least in (c), but it is very distinct in every 
case. In the posture-changed experiments there is little if any 
diminution in the strength of pull after the first 5 minutes, 
whilst in the others it falls off steadily for more than 10 minutes, 
and the “ steady state ” is barely attained in the last few minutes 
of the twenty. 



The corresponding series of results obtained with the J/l 
second rhythm were so similar that it is unnecessary to reproduce 
them, but the mean pulls exerted in the 11th to 20th minutes 
are recorded in Table V. In the " straight back ” experiments 
the effect of posture was less marked than in the others, 
owing to the less degree of fatigue produced, but it was 
quite distinct, as can be judged from the results plotted in 
Fig. 12. The S 3 ^tem of worMng for 32 seconds and resting 




jSangS. unSangwi. j ^ Posture changed. Posture unchanged. 
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for 8 seconds was found to be rather less tiring than that of 
working 96 seconds and resting 24 seconds, so most of the experi- 
ments of long duration were purposely made under these favour- 
able conditions. One posture-changed experiment was continued 
for 50 minutes, and another for 88 minutes. In both of them 
the strength of puU kept almost level after the first few minutes, 
though it was 18 lb. less in the one experiment than in the other. 
At the time of making these experiments I did not feel particu- 
larly tired, and I could have kept on a good deal longer, but 
I felt rather tired in the evening and the next day, especially in 
the forearm muscles. I always made these long experiments on 
a Saturday afternoon, so that I had the Sunday in which to 
recuperate. Any fatigue effect on subsequent experiments was 
thereby avoided. 

In order to determine what is really the most advantageous 
system of rest pauses, it is necessary to treat the results statis- 
tically. This has been done in Tables IV, V, and VI. The 


Table IV. — The Effect of Rest Pauses {Handle at optimum 
height: ^jl^-sec. rhythm). 


Work and Rest 
Periods. 


mm PuU in 5th to 10th Work per PuU in 5 th to 10 th Work per 


Work 2 secs,; rest ^ sec. 


3720 (100) 


3360 (90) 


189, 187, ' 

193,207, 

205 

207, 213, 
198, 206, 
210, 210 
197, 202, " 
218,200 , 
203, 182, 
212,219 , 
217, 195, 
227, 221 


■«196 5880 (100) 


=207 4968 (84) 

=204 4896 (83) 

=204 4896 (83) 

=215 5160 (88) 


Work 8 secs.; rest 2 secs. 


4272 (115) 
4176 (112) 
4272 (115) 


.=209 5016 (85) 

=200 4800 (82) 

=208 4992 (85) 


Table V. — The Effect of Rest Pauses on H.M. V. {Handle at 
optimum height : l^jl-sec. rhythm). 


V'ork and Rest Periods. 


f No rests 

1 Work 1^ secs rest 1 sec. 

I >» ® >» >» 4 „ 

) » 24 „ „ 16 „ 

L ,, 180 „ „ 120 „ 

r Work 6 secs., rest 4 secs. 
J » 24 „ „16 „ 

1 » 72 „ „48 „ 

I » ISO „ „ 120 „ 


Pull m 5th to 10th nuns 


100,99,109,118,104 .. =106 

135,158,136,131,145,133 =140 

124.117.134.153.. =132 

126.148.122.135.. ., =133 

114,126,134,143,124 .. =128 

135,128,138,143 .. =136 


174. 169. 175. 175. . 

173. 177.186.184.. 

185. 176.167.180.. 

145. 171.169.165.. 


PuU m nth to 20th 
mms. 


112,117 
88, 101 
113,118,133. 


=173 

=180 185,178 

=177 169, 178 

=163 167,168 


Work per 
min. 

(5-10 mms.) 


4240 (lOO) 
3360 (79) 
3168 (75) 
3192 (75) 
3072 72) 
3264 (77) 

4152 * 

4320 (102) 
4248 
3912 



Posture changed. Posture unchanged. 
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average strength of pull in the 5th to 10th minutes is recorded, 
not only for the experiments with the rest pause intervals just 
mentioned, but for two other schemes as well. In one of them 
I worked 8 or 6 seconds, and rested 2 or 4 seconds, according 
as the rhythm employed was seconds or second. In 
the other, I took my rest pause after each pull. This rest 
amounted to | second and 1 second respectively with the two 
rhythms, so in actual practice I had to make only one set of 
(optimum height) experiments, with a rhythm of ^12 seconds. 

A consideration of the individual sets of data in these Tables 
shows that the frequency of the rest pauses had comparatively little 
influence on the mean strength of puU, and any small differences 
which actually exist are almost hidden by inevitable experi- 
mental variations. It is best, therefore, to average the results. 
This has been done by taking each set of mean values (for the 
5 to 10-min. pull) as a unit, and turning the individual means 
into percentages. Then these percentages were averaged, and 
they 3 delded the following figures : — 

Rest intervals every 2J secs. 10 secs. 40 secs. 2 min. 5 min. 

Relative pull of H.M.V. . . 105 101 101 98 95 

Relative pull of C.G.W, . . 101 102 98 99 , — 

Relative pull of both . . 103 102 100 98 * .95 

Relative pull of both (cor- 
rected) .• .. 103-2 102-6 102-3 105-0 118-7 

It will be seen that the means of the results obtained by the two 
subjects shew a small but regular decline in strength of pull as 
the rest intervals were taken at less and less frequent intervals. 
Hence it might be concluded that the shorter the alternations 
of work and rest the better the result ; but this conclusion does 
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not hold if another factor be taken into consideration. In the 
experiments with rests at 2-min. intervals, for instance, the work 
done in the 5 to 10-min. period is finished, not at the end of 10 
minutes, but 24 (or 48) seconds before that time, so it may be 
said that the total work of the 5 to 10-min. period is really 
finished in 336 (or 312) seconds instead of 360 seconds. That 
is to say, the relative amount of work done per minute comes 
to 105 (or 113) instead of 98. In the experiments with rests at 
40-sec. intervals the work is completed only 8 (or 16) seconds 
before the end of the 10 minutes, so the work done per unit 
of time is really 102*3 (or 104*7) instead of 100. In the 
experiments with rests at 10-sec. and 2J-sec. intervals the 
correction is correspondingly smaller, whilst in the 5-min. 
experiments it is correspondingly larger, but it must be remem- 
bered that in this latter instance it was possible to calculate only 
the work done from the 6th to 10th minutes (instead of the 
5th to 10th), as there was no work done in the 5th minute. 

Considering only the corrections applicable to the experiments 
in which one unit of rest was taken to four of work, we get the 
corrected values shewn in the bottom line of the Table. These 
values indicate that the strength of pull was practically the 
same when rests were taken at 2-|-sec., 10-sec., or 40-sec. 
intervals, whilst at 2-min. and 5-min. intervals it was 
considerably increased. The corrections would become smaller 
and smaller the longer the work was continued, and for a 5 to 
20-min. period, for instance, they would be only a little more 
than a third as great as for the 5 to 10-min. period in question. 
If the experiments were continued still longer the results might 
be expected to approach more and more to the uncorrected 
values given in the Table. Hence we cannot say with certainty 
what is the effect of taking rests at diffeient intervals, but in 
any case it appears to be small. In the experiments made by 
Maggiora (18^) with the Mosso ergograph it appeared that 
with comparatively long work periods the fatigue effects tend 
to increase at a relatively more rapid rate than with short ones. 

The actual amount of work done per minute during the 5 
to 10-min. period of each experiment is shewn in Tables IV 
to VI. Keeping as a standard the work done when no 
rests were taken, it will be seen that in my posture-unchanged 
experiments there was a distinct falling off. In the quick 
rhythm experiments this fall amounted to 24 per cent., and 
in the slow rhythm ones (optimum height) to 13 per cent., 
but it was only 5 per cent, in the straight-back experiments. 
When the posture was changed, however, the work done was 
slightly greater in the straight-back experiments, whilst in the 
optimum height experiments (slow rhythm) it was 12 to 15 per 
cent, greater. In the quick rhythm experiments the work done in 
the presence of rests was about the same as in their absence, but a 
more favourable result would have been obtained if the rests had 
been shorter, as was proved by a special series of experiments. 

D2 


( 15098 ) 
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In this series, made with change of posture at the |/l-sec. 
rhythm, the work period was kept throughout at 24 seconds, 
but the rest period was varied from 4 seconds to 24 seconds. 
The average results obtained are plotted out in Fig. 13, and it 



rest pause, work period being constant. 

will be seen that the contraction height varied approximately 
in proportion to the duration of the rests. Numerical details of 
the experiments are given in Table VII, and in the last column 
is recorded the amount of work done in an interval of 3| minutes 
(this being the shortest time for which it is possible to calculate 
all the different systems of work and rest periods). It will be 


Table VII . — Capacity for Work with various Durations of 
Rest Period {^j 1-sec. rhythm). 


Work and Rest Penods. 

Pull 
in 1st 
min. 

Pull in 5th to 10th mins. 

Work done per 3^* mins. 

No rests 

199 

100,99,109,118,104.. =106 

140x106=14840 (100) 

Work 24 secs, : rest 4 secs. . 

193 

124,137 .. .. =130 

120/130=15600 (105) 

» „ 8 „ 

197 

153,153 .. .. =153 1 

105X153=16065 (108) 

M M 16 „ .. 

206 

173,177,186,184 =180 

84X180=15120 102) 

» » 24 „ .. 

206 

196,202 .. .. =199 

70X199=13930 (94) 


seen that this work reached its maximum when the work periods 
of 24 seconds were alternated with rest periods of 8 seconds, 
the total work done being 8 per cent, greater than when no rests 
at all were taken. 

It is to be remembered that the results described afford* no 
information about the oxygen consumption of the subject in the 
various series of experiments, or the degree of fatigue experienced. 
The actual mechanical work done in a given time is the only 
criterion available, and it is possible that if the oxygen consump- 
tion and fatigue had been estimated in addition somewhat different 
conclusions as to the most advantageous sy^stem of rest pauses 
might have been arrived at. 
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The Influence of Rest Pauses on a Subject shewing a 

Small Effect. 

The data recorded on the right half of Tables IV and VI 
appear to show that change of posture had practically no influence 
on the work capacity of C.G.W. Arguing from the absence of 
the posture effect, it might be surmised that rest pauses would 
be of much less value to him than to me, and would under no 
circumstances enable him to do as much work as when he took 
no rests at all. This proved to be the case, for he always did 
from 10 to 22 per cent, less work when taking rests, and on an 
average did 16 per cent.' less work in the optimum height experi- 
ments, and 17 per cent, less in the straight-back ones. That is 
to say, the rests improved his powers, when he was actually 
working, by about 4 per cent., for the rest pauses taken repre- 
sented a loss of 20 per cent, in the total working time. 

The extraordinary difference in most of the results 3 delded 
by C.G.W. and by myself is chiefly due to a fact which, when 
first noted, was thought to be of practically no significance. 
When pulling at the dynamometer, I kept my back almost immov- 
able, and my shoulders moved backwards less than half an inch 
at the height of each pull. On the other hand, C.G.W. had got 
into the habit of bending his shoulders back at each pull, the 
average amount of movement amounting to about 2J inches. 
I thought it best that, having got into this habit, he should continue 
in it, so that his results might be uniform ; but after the completion 
of the above series of experiments and of the subsequent series 
of stand and sit '' experiments described below, he made 
twelve fresh experiments in which he kept his shoulders steady 
during each pull as I had always done, whilst I made some in 
which I copied his method, and bent my shoulders back about 
2| inches at each pull. In all of C.G.W. 's fresh experiments he 
worked for 96 seconds and rested for 24 seconds, the handle 
being at the optimum height. Six experiments were made at 
the lll^-sec. rhythm, and six at the -|-/l"Sec. rhythm. The 
results obtained are shewn in Fig 14. Here it wiU be seen 
that the posture-unchanged curves indicate a considerably more 
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rapid fall of strength than the corresponding posture-changed 
curves. The average strength of pull in the 11th to 20th minutes 
shewed an improvement of 13 and 15 per cent, in the two series 
of experiments as the result of the postural changes, whilst in 
the corresponding series of experiments made three months 
before, in which the shoulders were bent back at each pull, 
the average pull in the posture-changed experiments was 4 per 
cent, less than in the posture-unchanged. 

In the converse experiments made by myself, when I bent 
my shoulders back at each pull, there was still a distinct improve- 
ment of pull produced by postural changes during the rests, as 
can be gathered from the upper pair of curves in Fig 15. Each 



TIME IN MINUTES 

Fig, 15. Influence of bending back shoulders at each 
pull on the posture-change effect. 

of these is the mean of three concordant experiments, whilst the 
lower pair of curves represent the mean results (obtained about 
three months before) of the corresponding experiments in 
which the shoulders were kept steady during each pull. (Work 
96 seconds ; rest 24 seconds ; handle at optimum height ; 
rhythm seconds). The improvement of puU in these experi- 
ments averaged no less than 75 per cent., whilst in the fresh 
series under discussion it was only 7 per cent. 

The Dependence of the Posture Effect on the Cirout ^ion. 

The improvement in work capacity produced by changes of 
posture during the rest periods must be due largely to circulatory 
changes. The relaxation and change in position of the back and 
arms muscles must admit of a better flow of blood and lymph 
to the fatigued muscles, with a consequent acceleration in their 
rate of recovery. In fact, any movement of th© muscles, followed 
by a relaxation, automatically improves the circulation through 





pulL in lbs 


To Jace page 17, 



Fig. 16. Work 72 secb : rest 48 secs Posture unchanged, but m 
last half of experiment two pulls were made on two occasions in 
each rest pause (C/R = i/1 sec.) 



Fig. 18. Dynamometer being pulled m sitting position. 
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them, and thereby tends to diminish the fatigue effects, but as 
these movements of themselves produce more fatigue products, 
it is a question of discovering what movements can be made 
during the rests which cause the least production of extra fatigue 
products, but the greatest improvement of the circulation. C.G.W., 
by bending his shoulders back during each pull and forward 
during each relaxation, discovered one successful method of 
getting rid of fatigue products, and I myself happened to hit 
on another. I found that if, in a posture-unchanged experiment, 
the rest was broken by an occasional pull, the capacity for work 
during the subsequent work periods was considerably improved. 
For instance, in Fig. 16 is shewn the effect of alternating work 
periods of 72 seconds with rest periods of 48 seconds. For the first 
10 minutes no movements whatever were made during the rests, 
and it will be seen that the strength of pull fell off rapidly ; but 
in the last 10 minutes two pulls were made on each of two occasions 
during each rest, and the capacity for work continued to improve 
from that time onward. 'Other somewhat similar schemes were 
tried, and gave a like result. Ifor instance, one extra pull was 
made every 5th, 8th or lOtli second during each rest pause. 

Another proof of the influence of the circulation depends 
on the after-effect of a hot bath. A bath, lasting 10 to 15 minutes, 
was taken 15 to 20 minutes before the experiment, and the 
results obtained are plotted out in Fig. 17. All the experiments 



were of the straight-back type, with a work period of 32 seconds 
alte;p>fetSig with a rest of 8 seconds, and it will be seen that the 
two hot-bath experiments in which the posture was changed, 
and the one in which it was not changed, all shew considerably 
more fatigue than the mean results obtained under ordinary 
conditions, the curves of which are given for comparison. 
The hot bath presumably acts by diverting to the skin of the 
body some of the blood which w^ouid under ordinary circumstances 
be supplied to the fatigued muscles. 




The Influence of Alternately Standing and Sitting. 

A greater change of posture than that involved in bending 
the shoulders back during each pull, or moving the back and arms 
during each rest pause, was obtained by pulling the dynamometer 
alternately when in a standing and a sitting position. A strong 
iron foot-rest was fixed to the dynamometer in such a way as to 
offer no obstruction to the feet when in the scanding position, 
and Fig. 18 shews the foot-rest in use. The stool, 17| inches in 
height, was placed at such a distance from the dynamometer as 
was found to be most comfortable by each of us, and was always 
kept at the same spot. My distance was 33 inches from the wooden 
T-piece of the dynamometer, and that of C.G.W. was 26 inches. 

The sit-and-stand experiments were begun seven weeks after 
the completion of the rest pause experiments above described, 
and were continued daily for a month. During their continuance 
the strength of pull improved in a most astonishing fashion, 
but the mean results obtained are closely comparable to one 
another, as great care was taken to mix up the order of the experi- 
ments so that no one kind had an advantage over another in 
respect of increasing strength of pull. It is to be borne in mind, 
however, that the experiments of this series are not directly 
comparable with those of the preceding series. 

It was found that one could not conveniently change from the 
standing to the sitting position, or vice-versa, in less than 2\ 
seconds, so the following schemes of changes were determined 
on. Using the J/l-sec. rhythm, we {a) made 25 pulls in 37J 
seconds, and in the next 2| seconds changed position and started 
pulling again. That is to say, we pulled alternately for 40 seconds 
when standing and 40 seconds when sitting. In scheme (J) we 
made 75 pulls in 112|- seconds, and had 7|- seconds to change 
position, and in (c) we made 187| pulls in 281 seconds, and had 
19 seconds to change position. That is to say, the relative 
amount of rest taken was the same in each scheme, but the 
changes of position were made every 40, 120, or 300 seconds. As 
a half pull was impossible in (c), 187 and 188 pulls were made 
alternately. 

In addition to the sit-and-stand experiments, others were 
made in the sitting position only, and in the standing position 
only, with the same 2|- to 19 seconds of rest pauses. The sit- 
and-stand experiments were made twice, in reverse order, so 
that each complete test consisted of four experiments. Tliese 
were made consecutively, though in varying order on^«4i|£grent 
occasions. A sample set of tracings is shewn in Fig. 19, th^gh 
for the sake of saving space one of the pair of sit-and-stand 
experiments is omitted. It will be seen that after the first 5 
minutes I pulled a little more than 100 lb. each time when standing, 
and about 175 lb. when sitting. In the alternating experiment, 
however, I regularly pulled about 1701b. when standing and 
200 lb. when sitting. This tremendous increase in the strength of 
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the standing pull produced by the alternations was borne out in 
the other experiments, and from the numerical data recorded in 
Table VIII, which are in each case the mean of three sets of 
experiments, it can be calculated that on an average my standing 
strength of pull was increased by 34 per cent., and my sitting 
stren^ by 4 per cent. ; or the average stand-and-sit pull was 
15 per cent, greater than the mean of the stand-only and sit-only 
pulls. 


Table VIII . — Strength of Pull with Alternations of Standing ani Sitting. 


1 



H.M.V. 

.. 


C.G.W. 


Work and Rest Periods. 

Posture. 

Pull in 

1st mm 

Pull m 
iUh to 
20tli mms. 

Per cent, 
increase. 

Pull in 

1st min. 

Pull in 
llth to 
20tlimins, 

Per cent, 
mcrease. 

(1) Work 37^ secs. .J 
i-ast 2|r secs. 

Sit only 

Stand only 

Sit fraction 
Stand fraction 


“1)202 

15 


nl)'“ 

2 

(2) Work n2i secs. ; J 
rest secs. j 

Sit only 

Stand only 

Sit fraction 
Stand fraction 



13 

?^f)203 

mm 

“l)m 

8 

(3) Work 281 secs. * f 
rest 19 secs. •< 

Sit only 

Stand only 

Sit fraction . . 
Stand fraction 



6 

“1)208 

“1)209 

2 ^ 5)195 

6 

(4) Work 38 secs. : f 
rest 2 secs, for H.M.V.J 
Work 112^ secs.M 
rest 7ir secs, for C.G.W. ( 

Sit only 

Stand only 

Sit fraction 
Stand fraction 

i2o}2« 


15 

“1)226 

m}^ 


13 


The experiments with 2-min. alternations gave almost as 
striking a result, and on an average the stand-and-sit pidl was 
13 per cent, greater than the mean of the stand-only and sit-only 
pulls. The experiments with 5-min. alternations did not peld 
so striking a result, the average improvement produced by the 
alternations amounting only to 6 per cent. 

The means of the 2-min. experiments are plotted out on 
the left side of Fig. 20. The stand-and-sit experiments are 
recorded as two individual fractions and as a mean of the fractions, 
whilst a mean of the stand-only and sit-only experiments is 
likewise shewn. The most noticeable feature is the tremendous 
improvement produced in the standing strength of pull by ihe 
alternations. This improvement must be due chiefly to the 
better circulation induced in the back muscles by the changes of 
postufer>When pulling the dynamometer in the sitting position 
I us^ to throw back my shoulders several inches at each pull, 
and tighten up the body so that much of my body weight w^ 
brought to bear directly on the dynamometer, in addition to the 
force of my contracting muscles. For these reasons xay average 
strength of pull in the sitting position was no less than 38 lb. 
greater than my standing pull during the 1 1 to 20-min. intervm. 

In addition to the three series of experiments mentioned, ail 
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of which were made at the ^jl-sec. rhythm, I made a fourth 
series at the slower |/l|-sec. rhythm, with 40-sec. alterna- 
tions. The average improvement produced by the alternations 
was 15 per cent., as in the corresponding series of experiments 
at the quicker rhythm. 

A repetition of the alternation experiments by C.G.W. gave a 
less striking result, and the numerical details recorded in Table 
VIII show that the average improvement in the first three series 
amounted only to 2 to 8 per cent. This smaller effect was due to 
the previously mentioned shoulder movements which C.G.W. made 
when standing. This is proved by the fact that when he carefully 
refrained from bending his shoulders back during each standing 
pull, he gave a similar result to mine. The means of three sets 
of experiments with alternations at 2-min. intervals are shewn 
on the right side of Fig. 20, and the numerical details, which are 
recorded in Table VIII (4), indicate a 13 per cent, improvement 
as the result of the alternations. The strength of pull is greater 
throughout than in series (1) (2) and (3), but this is merely 
because this series (4) was made by C.G.W. after he had completed 
the others. 

The increase of strength during the course of the sit-and- 
stand experiments was very marked. As already mentioned, 
each set of ejqjeriments in each series was carried out three times. 
The second set was made about seven days after the'^st^set, 
and my strength of pull (during the 5th to 10th minutes) improved 
12 per cent. The third set was made about eight days after the 
second set, and my pull was now 29 per cent, greater t han at 
first. This rate of improvement was about eight times more 
rapid than that experienced during the course of the preceding 
series of rest pause experiments, whilst the improvement shewn 
by C.G.W. was about five times greater. The cause of the enhanced 
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rate is thought to be as follows. In almost all of the rest pause 
experiments the strength of pull fell off considerably during the 
first few minutes owing to the accumulation of fatigue products 
in the muscles, and the average pull exerted by me in the 5 to 10» 
min. interval was under 150 lb. In the sit-and-stand experi- 
ments, on the other hand, and also in the sit-only experiments, 
the posture changes ensured a better circulation through the 
muscles (especially the back muscles), and there was much less 
accumulation of fatigue products with their consequent effect 
on the strength of pull. As a result, the pull exerted in the 5 to 10- 
min. interval was about 200 lb. in the first series of sitting 
experiments, and it increased to over 250 lb. in the third series. 
Owing to this considerably greater pull, the muscles were able 
to increase their power — presumably by hypertrophy — at a 
much greater rate than before. It appears to follow, therefore, 
that an accumulation of fatigue products, with its consequent 
lowering of the working capacity of the muscles, automatically 
reduces the rate at which the muscles hypertrophy as a result of 
functional activity. 

Pulse Rate , — In the rest pause experiments, I counted my 
radial pulse for half a minute immediately before and after each 
10 or 20 min. experiment. The individual results were rather 
irregular, as some experiments were done shortly after walking, 
and others after sitting quietly ; but the average results were 
fairly steady as can be gathered from the data in Table IX. 


Table IX . — Effect of Work on Pulse Rate, 


Heit'ht of Handle above Floor Level 

Posture undhanged. 

Posture changed. 

l-’ulsc 

before 

Ihilse 

after. 

In- 

crease 

Stngth 
of pull 

Pulse 

before. 

Pulse 

after. 

In- 

crease 

Stngth 
of pull. 

After 

10 mm. J 
work. 1 

' Optmmm height (slower rhythm) 

„ „ (quicker rhythm) 

Straight back height (slower 
rhythm) 

Mean 

92 

89 

89 

112 

U1 

107 

20 

22 

18 

133 

133 

150 

84 

87 

97 

106 

112 

114 

22 

25 

17 

171 

173 

164 

90 

110 

20 

139 

89 

110 

21 

169 

After 

20 mm ^ 
work 

f Optimum height (slower rhythm) 

1 * „ „ (quicker rhythm) 

1 Straight back height (s'lower 

1 rhythm) 

Mean 

99 

92 

89 

120 

112 

109 

21 

20 

20 

112 

110 

138 

92 

95 

100 

118 

112 

113 

26 

17 

13 

164 

173 

164 

93 

113 

20 

120 

96 

115 

19 

167 


It will be seen that, as the result of 10 minutes’ work, the pulse 
rate increased from 90 to 110 in the posture-unchanged experi- 
ments, and from 89 to 110 in the posture -changed experiments. 
This was in spite of the fact that 22 per cent, more work was done 
during the 5 to 10-min. interval in the latter series of experi- 
ments than in the former. Even more striking were the results 
of the 20-min. experiments, for 39 per cent, more work was 
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done in the 11 to 20-min. interval of the posture-changed experi- 
ments than in the others, but in spite of this the pulse rate shewed 
no more acceleration. It was practically the same as in the 
10-min. experiments and, in fact, a mean of the two series 
shews exactly the same acceleration of pulse with the two postures. 

The correspondence in the pulse acceleration does not warrant 
the assumption that the increased muscular work in the posture- 
changed experiments was performed with no greater expenditure 
of energy than in the others, as the quickening of the pulse depends 
on a number of causes. Sensations of discomfort and fatigue 
play a part, but we may at least conclude that changes of posture 
during rest periods enables the work to be done with greater ease, 
and with less strain upon the heart. 

Practical Conclusions. 

It might be thought that the results of laboratory experiments 
such as those described above can have but little direct applica- 
tion to industry, but this view seems to me erroneous, provided 
that conclusions are drawn with discretion. It will, no doubt, 
be at once admitted that the observations on the strength of 
pull at different heights above floor level are directly applicable 
to the subject of heavy weight lifting, and its liability to cause 
muscular strain ; but what conclusions can legitimately be drawn 
from the rest-pause and posture-change experiments ? There are 
at least two of great importance. Neither of them is new, but 
the experimental results serve to emphasise habits of industry 
which have long been recognised though frequently not acted 
upon. 

The first conclusion is that when a rest pause is taken in the 
course of industrial work, it is important that the posture should 
be changed, even if the pause lasts only a minute. That is to 
say, operatives who have to stand at their work should sit down 
on as comfortable a seat as possible, whilst those who sit at their 
work should stand up, and still better, if it can be achieved 
without inconvenience, should walk about. Thereby the circu- 
lation through fatigued muscles is promoted, and fatigue dimin- 
ished. A more important conclusion relates to changes of 
posture during the course of work. Such changes may be more 
efficacious than considerable rest pauses, even when systematic 
postural changes are made during the rests. Yet it is the 
exception, rather than the rule, for postural changes to be made 
during the course of industrial work. Many industrial processes 
can he carried on eqirally well in the standing and the sitting 
position, but in my experience (Vernon, 1924) the majority 
of workers, if they are provided with seats, remain glued to them 
the whole day long. Some of the more experienced ones get 
into the habit of standing up for a few minutes from time to 
time, but they are exceptional. 

Another conclusion, the importance of which is problematical 
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though it may be considerable, concerns the effect of additional 
movements during muscular work. It can be deduced from 
the curves in Fig. 15 that if a subject, when pulling at 
the dynamometer, bent his shoulders back about 2-J in. at 
each pull, he could continue for 20 minutes with only 10 
per cent, diminution in his strength of pull, but if he kept 
his shoulders steady his pull quickly sank to less than half 
its initial value. The slight shoulder movements improve the 
circulation through the fatigued muscles, and cause the more 
rapid removal of fatigue products. Now in many industrial 
processes, of a repetition type it is the custom of some of the 
workers to sway their bodies backwards and forwards rhythmi- 
cally in unison with the movements they are making with their 
limbs. In many cases these movements are undoubtedly 
unnecessary and undesirable, but before coming to a definite 
conclusion that they are all of this character, one should consider 
the possible or probable effects they might have in promoting 
the circulation through fatigued muscles. 

One point very strongly brought out by the dynamometer 
experiments concerns their value as a fatigue test. We saw 
that in many or most of the experiments the strength of pull 
fell off very rapidly for the first few minutes, and then remained 
nearly steady for as long as the test was continued, even if it 
were 88 minutes ; i.e. it had attained the “ steady state.” It by 
no means follows, however, that there was no increase of fatigue. 
Undoubtedly the general state of fatigue of the body continues 
to increase at a considerable and accelerating rate, in spite of 
the fact that the capacity for work, as tested by the dynamo- 
meter, remains constant. For instance, the sit-and-stand experi- 
ments proved particularly tiring to me, though there was often 
but little indication of fatigue in the records. When I first 
started this series of experiments I did three or four 20-min. 
experiments each day without feeling fatigued the next morning, 
but as my strength of pull increased I found the experiments 
more and moie tiring, till at the end two a day were my limit. 
The last group of sit-only experiments, in which my pull fell 
off only 7 per cent, between the 1st and the 11th to 20th minutes, 
were particularly tiring, because of the tremendous pull I was 
exerting (over 250 lb. for 750 occasions in each experiment). 
Hence a test dependent on the estimation of the maximum 
strength of pull is no true indication of the condition of general 
fatigue. 


Summary. 

The strength of puU, or weight-lifting power, shevre consider- 
able variations at different heights above floor level. Taking 
the floor level value as 100, it gradually sinks to a minimum 
value of 72 to 81 at 14 to 17 in. above the floor, and then increases 
till it attains a maximum of 107 to 142 at a height of 28 in. 
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above the floor. At greater heights it falls rapidly. The weight- 
lifting power is only 2 per cent, less when the subject stands 
on one leg instead of two, but it is only just over half as great 
when he uses one hand instead of two. 

When the dynamometer is pulled at regular intervals the 
initial strerxgth of pull falls rapidly for about 4 minutes, and 
then for a long time keeps at a nearly constant level (the steady 
state The height of this depends on the frequency of the 
rhythm, being 53 per cent, on the initial height when contractions 
were made every 1-| seconds, and 85 per cent, on it when made 
every 4 seconds. 

In most of the experiments on rest pauses, the duration of 
the rest periods was to that of the work periods as 1 to 4, or as 
2 to 3. If the subject of experiment remained motionless during 
the rest period, the total work done was always less (sometimes 
28 per cent, less) than when no rests whatever were taken ; but 
if the subject gently bent his shoulders back and moved his arms 
about, these changes of posture caused a tremendous reduction 
in the fatigue effect. The total work done was 2 to 14 per cent, 
greater than when no rests were taken, and the strength of pull 
remained at a constant level for as long as the experiment was 
continued (e.g. 88 minutes). When no changes of posture were 
made during the rests, the strength of pull continued to fall for 
most if not all of the experiment. 

The posture effect is probably due in chief part to the influence 
of the postural changes on the circulation, as was suggested by the 
following experiments. (1) It was found that if the strength of 
pull was determined {a) when standing ; (6) when sitting ; and 
(c) when alternately standing and sitting, the average strength 
of pull in (c) was 6 to 15 per cent, greater than the average of (a) 
and (6). Presumably the alternate standing and sitting move- 
ments, being of a somewhat different character, promoted the 
circulation. (2) If an occasional pull were made during the rest 
pauses of a ** posture-unchanged'" experiment, the fatigue effect 
was considerably diminished in spite of the extra work done, 
as each pull of itself promotes the circulation. (3) If the shoulders 
were bent back about 2i| inches during each individual pull, 
instead of being kept immovable, the fatigue effect was greatly 
diminished, and the strength of pull was almost as great when 
no postural changes were made during the rest pauses as when they 
were made. (4) If a hot bath were taken 20 minutes before an 
experiment the fatigue effect was very much more pronounced, 
presumably because some of the usual blood supply was diverted 
from the muscles to the skin. 

Rest pauses of the same relative duration to the work periods 
were taken at intervals of seconds, 10 seconds, 40 seconds, 
2 minutes, and 5 minutes, ft was found that the capacity for 
work is very little affected by the length of the interval. 
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The pulse shewed no greater acceleration in the experiments 
when the posture was changed during rest pauses than when it 
was not changed, in spite of the fact tliat 30 per cent, more work 
was being done. 

In conclusion, I wish to express my indebtedness to Mr. C. G. 
Warner for acting as a subject of experiment, and to him and 
to Mr. T. Bedford foi assistance in working out the results. Also 
I am greatly indebted to Professor Sir Charles Sherrington for 
permission to carry out the investigation in the Physiological 
Laboratory, Oxford. 
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PREFACE. 

In the preface to a recent Report,* the Board have described 
how the increasing substitution of mechanical for manual processes 
is modifying the nature of the demands made on the worker, 
through the gradual disappearance of heavy manual operations 
and the retention only of manual operations such as involve 
light and dexterous work, and how in consequence of this change 
in methods of manufacture, the mental effects of work in industry 
are tending to become relatively more important than the bodity 
c'ffects. For this reason the Board have thought it desirable to 
devote part of their resources to the study of repetitive work, 
involving little physical effort but some dexterity, and have 
already been able in two of their most recent Reports! point 
to evidence indicating the beneficial effects of short rest-pauses 
and slight changes of activity introduced within the spell of work 
for operations of this type. 

It appeared also to the Board that some knowledge of the 
more fundamental principles underlying the performance of light 
repetitive work might be obtained by an intensive study under 
controlled conditions of a suitable process, comparable to some 
extent with others actually carried on in industry. They accord- 
ingly approved the initiation of the present investigation, w^hich is 
concerned with the performance of four girls engaged in stitching 
on canvas over two periods of five weeks (after the practice effect 
had been eliminated), the first on a time-rate and the second on a 
piece-rate remuneration 

The limitation of the experiment to four workers prevents of 
course any wide generalisation, but the consistency with which 
some effects emerge throughout the investigation appears to justify 
the putting forward of certain tentative conclusions. There are, 
for instance, clear indications that the substitution of piece-rate 
for time-rate may bring about an increase in output. Other 
effects which seem to persist in work of this type are the 
individual differences in the subjects selected, and in particular 
the fact that the most intelligent subjects are not necessarily 
the best workers (though there are indications that very low 
intelligence '' is not compatible with proficiency) ; the existence 
of a characteristic output curve ; and the influence of aggregation 
or working in groups, as shown by the similarity in the course 
of the output curves for the different workers. 

It should perhaps be noted that, apart from the nature of the 
work itself, the other conditions of the experiment could not be 

*Bedale, E. M and Vernon, H. M. (1924) : The effects of posture and 
rest in muscular work. — J.F.E.B. Report No. 29. 

t Vernon, H. M., Bedford, T., and Wyatt, S. (1924) : Two studies on 
rest-pauses in industry, — LF.R.B. Report No. 25. 

Vernon, H. M., and Wyatt, S. (1924) : On the extent and effects 
of variety in repetitive work. — I.F.R.B. Report No. 26. 

(16020) Wt. 15456/446/1037 750 7/25 Harrow G.25 
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made entirely comparable with factory conditions. The daily 
hours, for instance, were limited to two spells of three hours 
each, and work was carried on on only four days in the 
week. It may be for this reason that the beneficial effects on 
production of rest-pauses interpolated within the spells, to which 
previous investigations of the Board have pointed, have in this 
experiment been found to be absent. 

July, 1925, 
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I. REPETITIVE WORK AND MONOTONV. 


The word monotony connotes an unpleasurable reaction to 
repetition. Various theories have at different times been put 
forward as to its nature and origin. The Health of Munition 
Workers Committee have defined it simply as “ analogous to . . . 
a fatigue process in unrecognised nerve centres.” A more specific 
theory is that of C. S. Myers* who suggests that monotony is due 
to the fatigue arising from the inhibitory effort nece.ssary to 
maintain any special attitude such as must be maintained even 
when a frequently repeated action has become automatic. 
Experiments in America and Germany have tended to confirm 
this theory. Ranschburgf showed experimentally that repeated 
stimuli of the same kind caused the individual’s reaction to become 
increasingly difficult, while stimuli of different kinds had no such 
effect. Miinsterbergt proceeded further along these lines and dis- 
covered that the difficulty in reacting to repeated stimuli varied 
with different individuals. He also quoted instances of factory 
workers who had expressly stated that they preferred repetition 
work. These two facts he thought were connected and suggested 
that the workers who preferred repetition work were the individuals 
for whom, owing to some innate psychophysical structure, a 
series of similar reactions to repeated similar stimuli was ea.sy. 
Miinsterberg defined monotony as “ subjective dislike to uniformity 
or lack of change in work,” the dislike arising from the individual’s 
difficulty in making the same reaction a great number of times. 

More recently, further research has been carried out by 
Winckler.§ This tends to show that the “ subjective dislike ” 
which represented monotony to Miinsterberg is actually a feeling 
of fatigue arising from the continued effort to re-inforce stimuli 
which through repetition have become relatively ineffective. 

The special feeling, more suitably called ennui or boredom, 
which according to the above definitions induces monotony, must 
not be confused with ordinary neuro-muscular fatigue. The latter, 
though it may often accompany monotony, is not an essential 
element in it. Thorndike il, as quoted by Muscio,^ indeed, 
has shown that we can feel fatigued without any objective 


* Lectures on Industrial Administration. Edited by B. Muscio. 
London 1920. 

t tJber die Bedeutung der Ahnlichkeit beim Erlernen, Behalten und 
bei der Reproduktion. Zeit. f. Psych, u. Neurol. S. 1905. 
f Psychology and Industrial Efficiency. Leipzig 1914. 

^ Zeit. f. angewandte Psych. 20. 46-87. 

11 Feeling Tone in Industry. Brit. J. Psych. 12, 150. 

^Psychol. Rev 1900. 7, 481. 
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indication of the presence of fatigue. A very complete fatigue 
can be experienced after a prolonged trial on the ergograph, and in 
this case is induced by repetition when '"monotony" maybe absent. 
On the other hand, fatigue of the kind to which Myers refers may 
be induced by repetitive mental work when natural impulses to 
react to distractions, to let the mind wander, or any other mental 
process incompatible with the performance of the work must be 
inhibited or voluntarily controlled. For the effort required for 
inhibition itself uses up psychic energy. Hence the feeling of 
fatigue is induced, not by the work, which may not be at all 
fatiguing, but by this voluntary process of inhibiting other 
impulses. For this reason a change of occupation rather than 
rest is often more effective in counteracting this so-called fatigue 
or ennui, since by a change of occupation some of the natural 
impulses may be released, the effort of voluntary inhibition is 
dispensed with, and a normal mental equilibrium is restored. 

In the experiment which is to be described there was evidence, 
even among so few subjects, of characteristic individual 
differences in the reaction to a repetitive task. For two subjects 
the work appeared to be more trying than for the others. This 
difference did not show itself in quantity of output but was 
gauged partly from their variability in reaction as measured 
by the fluctuation in their output curves, and partly by their 
behaviour during the fourteen weeks while they were under 
constant observation, and by their own remarks and comments 
at the end of that peiiod. 


n.— EXPERIMENTAL WORK. 

The aim of this experiment* was three-fold : — 

(i) to observe the different effects of repetitive work on 

workers of varying intelligence ; t 

(ii) to observe the effects upon operatives and output of 

various rest-pauses ; 

(iii) to compare the effects of time-rate and piece-rate 

remuneration. 

It was divided into two parts, separated by an interval of six 
months, the first being carried out on a time-rate, and the second 
on a piece-rate basis. 


* Carried out in the Psychological Department, University of 
Manchester, and under the supervision of Professor T. H. Pear. 

t In the opinion of some emplo3rment officers and welfare workers in 
this district, where there is much repetitive, or so-called monotonous 
work, it is the more intelligent workers who are affected by the amount 
of repetition in their work. They soon require a change in occupation. 
It is reported that a local firm does not care to employ highly intelligent 
operatives on this account. This opinion of the management is confirmed 
by the findings of this experiment. 
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Time Rate Remuneration. 

The four subjects were chosen from a school for Unemployed 
Young Persons. The selection was based on intelligence tests 
including directions and adding tests. It was hoped that the 
last would also give some information concerning the tempera- 
mental make up of the subjects. 

Of the four subjects chosen as occupying different positions 
in the scale of intelligence, two, “ A ” and B/' ranked as very 
intelligent, '' C ” had average intelligence, and “D"’ had less 
than average intelligence as measured by these tests. 

The repetitive work given them w^as cross-stitching with a 
coarse silk thread on canvas, 20" sq. with a wide mesh of -3". The 
diameter of the thread was *05". This work was decided upon 
after careful consideration because it was thought that : — 

(i) initial skill would be about equal ;* 

(ii) output could be measured exactly by counting the number 

of stitches ; 

(iii) there would be no wide range of quality ; either the stitch 

would be correctly or incorrectly done ; 

(iv) it was hoped that eye-strain would be practically 

eliminated because of the size of the stitching. 

Work of this type could never become automatic and required 
constant watching on the part of the subject. Nevertheless, only 
very slight mental effort was involved, and no high degree of 
attention was necessary to ensure accuracy. It should be 
mentioned that this work is comparable with many factory 
occupations. 


Hours and Methods of Work, 

The subjects worked for six hours a day, in two spells of 
three hours each, for four days a week. There were four series of 
experimental methods, each tried on successive days of the week 
for two months. 

Series I. Tuesday (the first working day of the week). — The 
subjects were allowed to pause when they felt inclined to do so, 
i,e,, they could take the advantage of unorganised rest-pauses. 

Series II. Wednesday. — K rest-pause of fifteen minutes was 
given in the middle of both the morning and afternoon spells. 

Series III. Thursday . — ^The subjects worked at maximum 
speed (without rest-pauses) both morning and afternoon spells, 
and, moreover, they were not allowed to talk. 

Series IV. Friday . — ^Three rest-pauses of five minutes each 
were distributed at even intervals during the morning and 
afternoon. 


* Subject D, however, was exceptional and made a very bad start. 
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Friday was the last working day of the week. The subjects 
were paid then (30s. a week each). The time-rate basis of 
remuneration was without doubt an important factor, and its 
importance was determined when this experiment was supple- 
mented by another, similar, except for the substitution of 
piece-rate for time-rate. 

Factors affecting the Attitude of the Subjects to their Work 

The work room provided by the laboratory for this experiment 
represented, as far as was possible, actual factory conditions. 
The walls were bare, and the lower parts of the windows opaque. 
The four subjects sat round one large table, and the experimenter 
remained at another in a comer of the room. No check was 
placed on talking except on silence days, and it was, indeed, from 
the general conversation that introspective information about 
the subjects’ individual attitudes was derived. 

During the course of the experiment the following information 
appeared in the conversation of the subjects : — 

(i) In their own opinion they had a " soft job.” 

(ii) They were receiving more money than most girls of their 

age (17 years) for fewer hours of work. 

These facts are of considerable psychological importance. 
This temporary work was the girls’ first job after several months’ 
unemployment. As a precaution against any subject leaving 
before the experiment was ended, it was decided to pay rather 
more than the ordinary rate and to make conditions of work as 
favourable as possible. So the interests of the subjects were 
biassed in favour of their work, and this, together with the novelty 
of the situation, perhaps did much to do aw'ay with the peculiar 
strain of monotony which is often associated with repetitive work. 

Method of Measuring Output. 

The output could be measured exactly by counting the number 
of stitches worked, at stated intervals. The subjects worked on 
alternate pieces of canvas, and at a given signal dropped one 
piece and resumed the other. Thus measuring the output did not 
interfere with continuity of the work. On Tuesdays the output 
was measured every half hour. On Wednesdays it was measured 
at the ends of three equal periods before and after the rest-pause 
of i hour. On Thursdays it was measured every half-hour. 
On Fridays, morning and afternoon were divided into eight equal 
periods excluding the three short breaks of five minutes during 
both working spells. Thus a rest-pause came at the end of every 
second period. Daily output curves were obtained for each 
subject, representing her output for each period, and from these, 
analytic and synthetic curves were derived. It was also pos- 
sible for the subjects to have a general idea both of their own 
and one another’s output. 
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Results, 

Among the time-rate daily output records there occur very 
frequently certain curves with a similar shape. These curves 
show the initial spurt of most work curves, fall very low 
somewhere about the middle, after which they rise almost to the 
end, where again they fall very low.* 

If the table {v, infra) is consulted it will be seen that tliese 
curves appeared almost exclusively on Tuesday and Thursday, 
were much more frequent in the afternoon than in the morning, 
and occurred very often in the cases of A and B. less often in the 
case of C, and never in that of D. Fig. 1, Graph III, which 
illustrates the shape, particularly in the cases of A and B, was 
obtained from the average periodic output of each subject for the 
last thi-ee Tuesday afternoons during the experiment, when pre- 
sumably the effects of the novelty of the situation as well as the 
practice effects had worn off. It will be observed that, except for 
the first period, C’s curve is also similar in shape. These curves 
have been very tentatively called ''monotony'' curves for these 
reasons ; (a) similar curves have been previously observed in 
unpublished records of experiments on repetitive work ; (b) they 
are most frequent on those days when no rest pauses were given, 
i.e., when one would most naturally judge that monotony might 
have been present ; (c) they occur chiefly in the work records of 
the most intelligent subjects, both of whom seemed to experience 
boredom as a result of the work, A giving evidence of this fact 
by her behaviour during the experiment, and B explicitly stating 
it at the end. We refer again to the general opinion of factory 
staffs that the most intelligent workers do, in fact, find repetitive 
work very monotonous. 


* Individual curves of this type were obtained on the following days :■ 


1st afternoon . 

Tuesday 

3rd afternoon , 

Thursday 

6th afternoon . 

Wednesday . 

7th afternoon . 

Thursday 

9th morning 

. Tuesday 

9th afternoon . 

Tuesday 

10 th morning 

. Wednesday . 

11th morning 

, Thursday 

nth afternoon . 

. Thursday 

13th afternoon . 

. Tuesday 

15th morning 

. Thursday 

15th afternoon . 

. Thursday 

19th afternoon . 

. Thursday 

21st afternoon . 

. Tuesday 

23rd afternoon . 

. Thursday 

27th afternoon . 

. Thursday 

29th afternoon . 

. Tuesday 

30th afternoon . 

. Wednesday . 

31st afternoon . 

. Thursday 


particularly B’s output curve. 

„ A, B&C’s ,, curves. 

„ A, B&C’s „ 

,, A, B&C's ,, ,, 

,, A&B's „ ,, 

„ A. 

„ A. 

„ A. 

„ A&C. 

„ A. 

„ B. 

A&C. 

„ A, B & C. 

„ A&B. 

„ B. 

„ A. 

„ A, B & C. 

„ A&B. 

„ A, B&C. 
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ment ; broken lines from piece-rate experiments 



Description of Workers, 

Subject A, According to the tests [see Appendix), A was the 
most intelligent subject ; her total output for the eight-week 
periods was second highest among the four subjects, but during 
the last three weeks it was only 88 per cent, of C's output, which 
was highest. A was capable of high single scores ; in fact, she 
made the highest single score during the whole experiment (298 
cross stitches in \ hour). But she was not a steady worker. The 
highest percentage decrease from maximum efficiency is also 
hers, i,e,, 25 per cent.* Of the four, A alone showed physical 
signs of restlessness and boredom. She yawned, she frequently 
changed her position and sometimes stood up to her work ; she 
welcomed any opportunity for variety, such as was provided by 
picking dropped needles from the floor, and she talked far more 
than the others, particularly of her hopes and plans for the 
future, how she would like to go to America, wanted a motor- 
car, and so on. Yet she was the second best worker in spite of her 
restlessness, and at the end of the experiment insisted that she had 
liked the work. (This may mean, however, that she liked the 
conditions of work.) 

Subject B, who also ranked as very intelligent, was somewhat 
less efficient. Her output was 84 per cent, of C's and 4 per cent, 
less than A's output. Like A, she was capable of high single 
scores ; but unlike A, she seldom made them. And she sometimes 
returned very low single scores. At the end of the experiment 
B confessed that she had found the work very tedious and 
would not like to do it regularly. 

Subject C was ranked as third in respect of intelligence, but 
she was by far the best worker. She did 12 per cent, more work 
than A, 16 per cent, more than B, and 31 per cent, more than 
D. Moreover, her percentage decrease from her maximum output 
was smallest — 14 per cent, against A’s 25 per cent., B's 20 per cent., 
and D’s 22 per cent. When asked at the end of the experiment, 
this remarkably steady worker said she had not experienced any 
strain of monotony as a result of repetitive work, but that, on the 
contrary, she had liked it.f 

Subject D, whose intelligence according to the tests was less 
than normal, was also last in output. However, in spite of a very 
bad start, she made considerable progress. Her curve over 
the period of the whole experiment shows a remarkably steady 
practice effect (Fig. II). Though at the commencement she 
seemed hardly able to hold and control her needle and extremely 
clumsy in picking it up from the floor, where she very frequently 
dropped it, at the conclusion she was not far behind B in her 

♦ C/. the erratic behaviour of A’s curve derived from the adding te 3 t. 
(Appendix p. 25.) 

t Cf, the smooth curve derived from subject C's temperament test. 
Here also her percentage decrease from maximum output is smallest. 
(Appendix p. 25.) 




rate of output. During the eight weeks of the experiment she 
was not observed to volunteer any remark to the other subjects 
or to the experimenter, though she replied if addressed. At the 
end, when definitely asked for her opinion, she said that she had 
liked the work and had not found it monotonous, but that she 
would have preferred to work alone, as the talking of the other 
girls annoyed and disturbed her. 

The introspective accounts of the subjects, their behaviour 
during the working spell, and their output curves in so far as 
they indicate the subjective attitude of each to her work, seem 
to show that of these four subjects the two most intelligent 
were least suited for this work. Though subjects A and B were 
capable of reaching a high output they could not maintain it. 
There was a conscious intermittent rivalry between the three 
good workers, and when this became acute, subjects A and B 
sometimes won the race ; but on a dull day, when the monotony 
curve was in evidence, they dropped far below C. So their average 
output is considerably less, and their percentage decrease from 
maximum efficiency considerably more. 

C was undoubtedly the best worker in all respects, although 
her intelligence score was much less than A’s or B’s. Her smooth 
output curve in the one-hour "addition” test (Appendix p. 25) 
indicate with remarkable accuracy her capacity for steady work 
over the longer period of eight weeks. 

D’s output during the last days of the investigation tended to 
be more erratic as it increased in quantity. Since she found 
conversation an unpleasant distraction and wished to carry on 
her work in solitude, it would seem that she had not suffered at 
all from monotony as a result of repetition work. 


The Out-put under Varied Conditions of Work. 

The other aim of this investigation was to find that spell 
of work most favourable for the operatives and the work. The 
time distribution for each day may be quoted again : — 


Tuesday 

Wednesday 

Thursday 

Friday 


Unorganised rest pauses. 

Break of J hour in the middle of morning 
and afternoon spells. 

No talking ; no rest pause. 

Three short breaks of five minutes in both 
morning and afternoon spells. 


During the last three weeks of the experiment most work was 
done on Thursday when there was no rest-pause and no talking. 
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in spite of the fact that Thursday was much disliked by all 
subjects and evidently very fatiguing. Tuesday,* the day of 
unorganised rest pauses is next, when, however, only 90 per cent, 
as much work was done. Friday, with short frequent breaks 
is next, with 6 per cent, less work done than on Tuesday, and 
Wednesday’s output is slightly less than Friday’s. 

These results cover only the last three weeks of the experiment, 
when effects of practice seemed to have ceased. For a seven 
weeks’ period a different order obtains, with more work done 
on Friday than on Tuesday. However, on the six hours’ working 
day which was observed in this investigation, most work was 
done without rest pauses, and least when a break of J hour 
was introduced into the middle of the working spells. On 
Wednesday the subjects worked only 83J per cent, of the 
time they worked on Thursday, but they did 84^ per cent, as 
much work as they did on Thursday. So there was evidently 
a slight speeding up in the rate of work, but not enough to make 
up for the rest pause. 

Individuahy, subjects A, B and C did most work on Thursdays 
and subject D did most on Tuesdays. Subjects B, C, D did least 
work on Wednesdays, while A did least on Fridays. 

No subject appeared to like the J-hour break on Wednesday ; 
it had actually to be enforced on several occasions. It would 
certainly be too much to assume from this that all rest-pauses 
would have been unfavourable to the output of these subjects ; 
but it seems clearly indicated that not aU rest-pauses are favourable 
to output, and that generalisations are difficult to make about 
them. 

Again, one must conclude that a relatively high output curve 
is not incompatible with what has been termed a “monotony 
curve.” On Wednesdays and Fridays when rest-pauses were 
given there are only very rare indications of the " monotony ” 
curve, but there is also a much lower output. The highest output 
occurs on Tuesday and Thursday afternoons, and the curves on 
these days have a similar and characteristic shape. Individual 
curves also show the same coincidence between high output and 
“ monotony ” curves. 


Effect of Practice. 

A complicating feature of the experiment was the effect upon 
output of practice, which extended in all cases over six weeks. 
For this reason most of the results of this time-rate investigation 


* Tuesday was the second best working day. This is more remarkable, 
since Tuesday was the first working day of the week, when usually there 
is a particularly low output. 



11 


have been drawn from the last three weeks only. The most 
remarkable and steady practice curve (v. Fig. 2) was obtained 



Fiis 2. — Daily output of subject D throughout the investigation. 


from subject D, who at the commencement was apparently 
hopelessly incompetent and unable to perform the simplest 
hand and eye and muscular co-ordinations {e.g., she was quite 
unable to pick up her needle from the floor). 


Co-operation and Rivalry in Work. 

Not the least interesting feature of the experiment was the 
unspoken and probably unconscious rivalry between the subjects 
A, B and C, the unexpected effects of apparently unimportant 
stimuli, and the way in which the speeding up of one subject 
communicated itself to the others. The spontaneous outbursts 
of rivalry that occurred have already been mentioned. Fig. 3 (i) 
shows A and B starting a new piece of canvas simultaneously, 
which stimulated them even to surpassing C for the greater part 
of an afternoon. The same tendency is shown in Fig. 3 (ii), 
where the reason for the “race” is not known, whilst Fig. 4 
illustrates the simultaneous drop in output due to a thunder- 
storm. On the other hand the subjects sometimes decreased 
their output of one accord for no apparent reason. 

Piece-Rate Remuneration. 

The previous experiment was repeated six months later with 
the identical subjects and precisely similar conditions, except 
that the subjects were paid on a piece-rate basis instead of a 
time-rate as before. 
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The new piece-rate payment was sti'uck from the average 
output of all subjects including D, who was a very poor worker. 
This method was chosen for D's especial encouragement, so that 
she should have the stimulus of a possible increase in her earnings. 
However, D’s output was never high enough to bring her over 
the base line of payment, though her percentage increase was 
in the first week more than three times that of any other subject. 
This last fact indicates a successful rating from the point of view 
of the experiment. 


Method. 

As in the last experiment the subjects worked six hours a 
day in two periods of three hours, for four days a week. The 
method of each day was as before. 

A preliminary working week on time-rate was thought 
advisable so that the effects of loss of practice in the interval 
between the experiments might be counteracted. However, it 
became clear that the subjects had suffered no loss of capacity 
in the interval, for the new working curve started with a higher 
score than that with which the previous curve ended. 


General Results. 

The immediate effect of adopting the piece-rate was a total 
average increase in output of 7 -2 per cent, at the end of the 
first week, rising to 18 per cent, at the end of the second and 



20 '2 per cent, at the end of the third week. Following came a 
relative decrease to 10-8 per cent, increase on time-rate output 
at the end of the fourth week, and 7" 9 per cent, at the end of 
the fifth. 

It appeared that the early part of the curve which illustrated 
the weekly output of each subject (Fig. 1) was not complicated 
by practice effects, except perhaps in the case of D where the 
change to piece-rate seems to have prolonged the practice period. 
D ended with a higher output than that with which she began. 
This was not so in the case of the other workers. 

The general results of a comparison between time- and piece- 
rate conditions can most readfiy be summed up by referring 
to Fig. 5, which illustrates the average periodic output of aU 
subjects for each day both in conditions of time- and piece-rate 
payment. The points of comparison may be enumerated thus : — 

(1) The piece-rate curves are on a much higher level through- 
out the day. 

(2) While the time-rate morning curves show a slight 
tendency to drop at 10.30 a.m., the piece-rate curves have a 
very marked drop at 11 a.m. (slightly before 11 a.m. on 
Fridays). It is thought that the pronounced mid-moming 
drop on the piece-rate may be caused by two factors : — 

(a) the subjects’ relatively greater fatigue owing to the 

greater pressure that piece-rate imposes ; 

(b) the subjects’ need for food. (It is necessary to point 

out that aU had a considerable journey before 
reaching the laboratory at 9 a.m. and hence were 
obliged to breakfast early.) 

The incentive of piece-rate payment may account for the 
mid-moming drop being delayed for J hour (c/. time-rate 
curves) : the delay and the harder work account for the 
increase in the drop when it came. 

(3) The tendency in the time-rate experiment to end the 
morning with a spurt is replaced in the piece-rate experiment 
by a tendency to drop. However, the curves do not cross. 
Even allowing for the drop at the close of the morning, the 
final points on the piece-rate curve are higher than those 
on time. 

(4) Finally, whereas on time-rate the momuxg curves 
indicate no marked degree of fatigue and the afternoon curves 
are rather of that shape which has been called the “ monotony 
curve,” on piece-rate there are no definite monotony curves, 
but many more characteristics of fatigue curves are present. 
The difference is well illustrated by a comparison of Thursday 
afternoon curves under both conditions. 



r/Mf RATE i 

PIECE RATE 

250 


TUESDAY Morning 

Tuesday Afternoon 

unorganized Rest Pauses 

Unorganized Rest Pauses 


Wednesday Mqpining 
Rest Pause of Hour 


Wedhesday Afternoon 
Rest Pause of*^ hour 


TH URSDAy yiORN / N G 

NO REST Pause : no Talking 


Thursday afwernoon 
NO Rest Pause No Talking 


Friday Morning Friday Afternoon 

3 Rest pauses of 5 minutes Each eoo 3 Rest Pauses Of S Minutes Each 




10 to 11 ^ ^ 

Fig. 5, — Average total periodic output curves for all days. 








X\J 


Comparison of the Average Periodic Output Curves of all 

Subjects on each day under Piece- and Time-Rates 
{see Fig. 1, p. 6). 

Tuesday . — (Unorganised rest-pauses). Here also the effects of 
monotony are more clearly seen in the curves representing output 
on time-rate than in the curves representing piece-rate work. 
These curves are clearly seen in the graph of Tuesday (time-rate), 
in a lesser degree in the morning and very markedly in the after- 
noon. The curves illustrating piece-rate work are not dissimilar 
but are much less exaggerated. It will be noticed that the point 
of minimum output is nearer the end of the working spell and 
that the final spurt in two cases is greater than the initial spurt. 
The drop in the middle of the morning spell is only faintly 
indicated in the afternoon, probably because the afternoon working 
spell occurred at not so great a distance from a meal. 

Tuesday afternoon piece-rate curves compared with Tuesday 
afternoon time-rate curves show the mid-spell drop interrupted 
by a rise in output. This Tuesday mid-afternoon spurt was 
probably not a conscious effort on the part of the three best 
workers : there is ample evidence that in this small group it was 
generally enough for one member to make a conscious effort to 
increase output for the others likewise to make a determined 
spurt. A most interesting and suggestive feature in this 
part of the experiment is the increasing closeness of the 
curves of subjects A, B, and C, especially at the higher points. 
Competition was a prominent feature in the time-rate experiment, 
as many of the daily curves showed, and it is a great aid to output 
as well as a means of alleviating monotony. In the piece-rate 
experiment spurts of rivalry were even more frequent. There is 
no doubt that this spirit of friendly competition acted as a mental 
stimulus to at least three of the subjects. (The case of D, however, 
is thought to be exceptional. D never reached the higher output 
scores of the other workers, though there is no doubt that she 
frequently exerted herself more than they did. After a while 
she seemed to become discouraged because of her repeated 
failures.) 

Wednesday. — (Rest-pauses of J hour in the middle of morning 
and afternoon spells.) The curve for Wednesday morning (time- 
rate) suggests that the rest-pause had been suitably placed, for 
it is followed by an immediate rise in three cases out of four and 
a delayed rise in the fourth case. There is also in three cases a 
considerable end-spurt. The corresponding curves for piece-rate, 
though on a higher level as a whole, are not satisfactory in shape. 
The rest-pause in this case has not done away with the mid- 
moming drop, which in three instances follows immediately after 
the rest-pause. 

A comparison of time- and piece-rate curves for Wednesday 
afternoons is particularly instructive. Those illustrating time- 
work start low and in three cases end higher ; the piece-rate 
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curves revepe the process, commencing very high then following 
with a considerable drop, which is arrested by a rest-pause. The 
rest-pause is followed in each case by a slight increase, after 
which output diminishes to the end. These piece-rate curves 
show plainly the effect of fatigue of the repetition work ; but at 
the same time it must be remembered that they are on a higher 
level than the time curves where no fatigue is indicated. 

Now Wednesday, both in time- and piece-rate, was a day of 
relatively low output. Thus, on Wednesday (time-rate) "the 
curves show a low output but no fatigue ; on Wednesday (piece- 
rate) we have again comparatively poor output with fatigue. 
Evidently with these subjects the |-hour break in the middle of 
the spell was not successful In no case was the beneficial effect 
on the worker sufficient to make up for the loss of time. On 
Wednesday morning (piece-rate) in particular it seems to have 
been attended by bad results. But since in every instance the 
morning piece-rate curves show a minimum at or about 11 a.m., 
it is suggested that a somewhat shorter rest at 11 a.m. instead 
of i hour at 10.30, particularly if some slight refreshment were 
taken, would be more beneficial both for the subjects and the 
results. 

Thursday . — (No rest-pauses ; no talking allowed.) Thursday 
was disliked by the subjects (except perhaps D, who seemed 
indifferent), and even dreaded, or so it seemed, by A. The output 
was higher than on other days, but this was followed by a very 
poor output on Friday, whether as a result of reaction or of 
unsuccessful rest-pauses is not certain. 

The morning curves (time-rate) do not show much fatigue 
until almost the end of the working spell. In three cases out of 
four there is the usual mid-morning drop at 10.30 from which the 
subjects recover without any rest-pause being given. The 
individual curves resemble each other in shape but are wide- 
spread. 

The piece-rate morning curves slightly resemble monotony 
curves, but have this important difference, that the percentage 
decrease from maximum efficiency is considerably less than 
obtained in the time-rate. Throughout the piece-rate experiment 
it was noticeable that decrease from maximum efficiency, which 
has been taken to be one of the criteria of monotony, was much 
less marked than in the time-rate experiment. This factor is 
even more pronounced in the afternoon curves, where, at a glance, 
the range from maximum to minimum is seen to be much less. 

The curves obtained for Thursday afternoon (time-rate) w’ere 
typical so-called monotony curves ; those corresponding in piece- 
rate are clearly fatigue curves. Nevertheless, this does not seem 
to have been an excessive fatigue, for the final output scores are 
not greatly below the first scores. It is possible, however, that 
the true effects of Thursday’s fatigue did not appear until Friday. 

Friday.— rest-pauses of five minutes, distributed at equal 
intervals throughout the morning spell, and three during the 
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afternoon.) It is true that with the insertion of three short rest- 
pauses during the morning and afternoon spells both fatigue and 
monotony seem overcome as far as can be judged from the 
curves, but the effect on output in all cases is bad. Often the 
rest-pause is followed by a drop in output, and the mid-moming 
drop still persists. 

AH the curves obtained from readings of output on Friday 
resemble each other in being widespread, i.e., there is a large 
variation about the average points of all subjects at any given 
point. This was characteristic of all work done in time-rate 
conditions, but very considerably diminished with the intro- 
duction of piece-rate work, except in this instance of Fridays, 
where the variation among the subjects is still as great. 

Friday’s routine was liked by the subjects, but the output 
was very poor. To what extent the harsh conditions of Thursday 
affected the output of Friday is an interesting point which 
cannot be decided on the results of this experiment. It is, 
however, very possible that Friday’s low output did to some 
extent represent a reaction against Thursday. 

The working time unit on Friday was approximately twenty 
minutes against ^ hour on the other days, but in that period 
the subjects did not do as much as two-thirds of the work done 
in an average J hour on Thursdajre, but rather less. Possibly this 
may be explained by assuming that the twenty minutes’ working 
unit was too short, leading to too many interruptions, for on 
each of these occasions the work had to be changed, involving a 
certain cooling down and loss of swing. 

Individual Differences in Time- and Piece-Rates. 

Subject A* — ^Two curves, A’s average periodic output curve 
for Tuesday morning and her average periodic output curve 
for Thursday afternoon, show fairly well her typical reaction 
to the conditions of the time-rate experiment. If the correspond- 
ing curves for the piece-rate experiment are superimposed the 
difference might be considered to indicate A’s change in her 
attitude to the work — a difference that, it might fairly be assumed, 
was brought about by the change from time- to piece-rate. 
Figs. 6 and 7 show the curves obtained in the old and new 
circumstances. The Tuesday morning curves (Fig. 6) are in 
striking contrast. That obtained in time-rate conditions is a 
tjTpical so-called " monotony ” curve, having, moreover, only a 
very slight end spurt. The piece-rate cutve, on the other hand, 
though it has a marked mid-moming drop, is much more buoyant 
to the last, finishing well above the time curve. Thursday after- 
noon curves (Fig. 7), however, resemble each other closely, the 
chief difference being that the piece-rate curve is on a higher 
level throughout, and in shape more markedly a fatigue curve. 

* For description of the subjects' intellectual and temperamental 
characteristics v. p. 8 and Appendix. 




19 



Fig. 6. — ^Average periodic Tuesday morning output curve (Subject A). 
(Continuous line = time rate ; broken line = piece rate.) 



Fig. 7.— Average periodic Thursday afternoon output curve (subject A). 
(Continuous line = time rate ; broken line = piece rate.) 



A’s average percentage increase over the five weeks of the 
experiment after going on to piece-rate is 13 • 9. The general 
air of restlessness and boredom, so marked in this subject in the 
previous experiment, was not nearly so marked in the piece- 
rate period. Cf. also A’s curves for Tuesday afternoon, time- 
and piece-rate. (Fig. 1, Graphs 3 and 4.) 

Subject B. — If B’s curves for Tuesday afternoons on time 
and piece-rate be compared, the same difference is observable. 
(Fig. 1, Graphs 3 and 4.) The piece-rate conditions of work 
seem to induce not only a better output at the end of the 
day, but also yield a middle spurt. However, on Wednesday 
afternoon the results are less favourable to piece-rate — B 
finishing lower than when on time-rate. 

On Thursday afternoon (time-rate) the curve which is thought 
to indicate monotony in B is changed into a more productive 
curve, which possibly also represents more fatigue. It is, 
however, on a higher level throughout. 

B’s average percentage increase after going on to piece-rate 
was 9-3 per cent. 

Subject C. — ^Even in the time-rate experiment C showed 
fewer monotony curves and her variability was much less than 
A’s or B’s. C’s Tuesday afternoon average periodic output curve 
(time-rate) is her clearest instance of a monotony curve; and the 
corresponding curve on piece-rate has not those characteristics, 
but has a middle spurt and an end spurt which bring C to a 
final point not much lower than the first point of the spell. As 
in. the previous experiment, C’s output was highest. Her 
percentage increase, however, was 10 - 1 ; or less than A’s and D’s, 
and only • 8 higher than B’s. 

Subject D. — ^The individual case of D is the most interesting. 
The change to piece-rate had an immediate and striking effect 
on her output ; in the first week she increased her output by 16 • 1 
per cent. — ^more than three times the increase of any other 
worker; and in the second week by 24-5 per cent. Unfor- 
tunately even this great improvement on D’s previous work 
did not bring her above the base line of payment and she was still 
much slower than any other subject. Following came a relative 
decrease — ^probably due to discouragement — to 17 -8 per cent, 
increase, dropping during the next week to 10 -8 per cent., then, 
as if for a final spurt, rising again to an increase on time work of 
16 per cent. Her average increase over the whole period was 
17-9 per cent, against A’s 13-9, B’s 9-3, and C’s 10- 1. 

Two factors may have contributed to D’s failure to maintain 
her improved condition : — 

(i) The general slacking ofi which was to be observed in all 

subjects after the third week ; 

(ii) the particular depression of D owing to her failure to 

rise above the base rate, though her increased efforts 
were proportionately much greater than the others. 
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On account of the latter reason it is thought that D suffered 
from her proximity to workers so much superior to herself, 
and from her inability to work as quickly and easily as they did. 
As in the previous experiment, D never voluntarily spoke to 
the other subjects and could not always be persuaded to answer 
when they spoke to her. 

This seems to be of particular importance in reference to the 
many psychological problems raised by team-work in industry. 
That such team-work in certain circumstances may increase 
output has been strikingly shown. But it seems probable that 
an effective team should consist of members whose ability docs 
not differ greatly. Otherwise, not only will the better worker 
be held back by the presence of the slower, but the discouragement 
of the slower worker by the mere presence of the faster may 
decrease her output, thus creating a vicious circle. 

The Similarity of the Curves. 

In both time and piece-rate experiments a remarkable feature 
has been the tendency of the individual curves to assume a 
similar shape throughout any working spell. This characteristic 
is particularly noticeable in the cases of A, B, and C, though 
not entirely absent in D's curves. If the curves of A, B, and 
C for the average periodic output of Tuesday afternoon on 
time-rate be compared with those on piece-rate (sec Fig. I, p. 6), 
there will be found a dissimilarity in shape between the time and 
piece curves for which it is thought that the additional impetus of 
piece-rate payment will account, but there is this in common, 
that the curves composing each graph — ^whether for time 
or piece — ^tend to have the same shape amongst themselves. 
In the graph illustrating time-work, however, the curves lie 
wide apart : in the other case three curves lie closely together. 
This is not a unique instance — cf. also the graph of Wednesday 
afternoon (piece-rate) ; and Thursday morning and afternoon 
(piece-rate) and most of the other days in a less degree. 

It is possible that this uniform rate of working (excluding 
D for the moment) is a characteristic feature of repetition 
work. When one worker consciously sets herself to speed 
up her work this speeding up tends to communicate itself 
to the other workers ; and similarly the slacking of any one 
worker tends to take the form of restlessness and talking, 
which first disturbs, then infects the others. This working 
in harmony doubtless is a great aid to the alleviation of 
monotony. It seems also possible that this tendency, 
beneficial to the workers, should be utilised to the advantage 
of industry. In this experiment the workers sat very close 
together and except on certain days (Thursday in each week) 
there was no check to their conversation, which consequently 
often tended to be excessive and to the detriment of their work. 
This fact alone would account for many of the uniform drops 



in the curves. It is thought, then, that the subjects should have 
been at a somewhat greater distance from each other so that 
conversations were less easy, while rivalry in output remained 
as easy as before. Talking is not necessarily and always unde- 
sirable, but it is a mistake to suppose that the benefits arising 
from working in a social group wholly depend on conversation. 
Conversation should neither be forbidden, nor yet encouraged 
by too close grouping. The workers should be within sight 
and hearing of each other, but not in small close groups. It 
is also instructive to notice that D, for instance, the poorest worker, 
seemed to feel her disadvantage more acutely because of the 
nearness of the others. It may be remembered that in the previous 
experiment she complained of being disturbed by their presence 
and wished that she could work alone. 


Conclusions. 

Summary of Time-rate Investigation. 

It was found that of four subjects selected on a basis of 
individual intellectual and temperamental differences, the two 
most intelligent (on the showings of the intelligence test), 
and most erratic (on the showmgs of the adding test) were also 
the most variable workers on the findings of the eight weeks 
experimental test. 

The subject with sub-normal intelligence, according to the 
intelligence test, showed on the other hand a remarkably steady 
improvement in her ability to perform the given work (v. Fig. 2 
for D’s practice curve). Subject C whose intelligence was 
average and whose output on an hour’s iutensive repetitive work 
showed a relatively smooth curve, was the best and steadiest 
worker in the more prolonged test. 

Such data are suggestive. A comparison of school with factory 
careers might yield interesting and profitable results. On super- 
ficial evidence it has alwajrs seemed probable that the highly 
intelligent individual is not suited to repetitive work. The 
present investigation supports this opinion. A more extensive 
investigation might lead to the possibility of distinguishing this 
type before the unsuitable careers were commenced.* 

Whether repetitive work can be said to induce the subjective 
experience of monotony seems to depend on the individual and 
on the circumstances of work. In this experiment the good 
pa 3 rment, the novel situation, and the shortened hours probably 
were sufficient to overcome, at least during fourteen weeks, some 
part of that feeling of distaste which is usually thought character- 
istic of repetitive work. Nevertheless certain curves seem to 


* This would necessarily be an exacting investigation, involving the 
accurate estimation of school children’s intelligence and the comparison 
of these results with subsequent factory careers. 
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be characteristic of this sort of work and to indicate a particular 
kind of fatigue. These have been called " monotony curves.” 
How far monotony affects efficiency depends entirely upon the 
individual.^ In this experiment, the monotony curves often 
coincide with high output curves. 

As to rest-pauses, those employed in this experiment were 
unfavourable to output, though the short breaks which were 
given on Friday were much appreciated by the subjects. With 
an eight hours’ day and a 5| days’ week, however, the effect 
of the rest-pauses might have been different. 


Summary oj Piece-rate Investigation. 

In an experimental comparison of time and piece-rate output 
in’^repetitive work, it has been found that with the piece-rate 
basis of payment ; — 

(«) the output curves are on a higher level throughout 
the day ; 

(6) with workers of approximately equal capacity the 
variation about the average output is less than is found 
on time-rate ; 

(c) amongst a group of approximately equally skilled 
workers, competition, which is not only a means of 
alleviating monotony but also an aid to output, occurs 
more frequently in piece than in time rate, and is 
closer ; 

{d) but the output of a particularly unskilled worker is 
apt to suffer from the discouragement (or so it is 
thought) of repeated failures to make a score as high 
as that made by the other workers. If, for example, 
subject D had been working with a group of workers 
younger or less capable than herself, it is possible 
that she might have asserted herself in her work more 
successfully ; 

(e) the effects of the change from time- to piece-rate were 
most marked in the most intelligent and most variable 
and least in the least intelligent and least variable of 
the workers. 
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APPENDIX. 

Intelligence Testing at Higher Openshaw Central School for Unemployed 

Young Persons, 

la order to ensure a variety of types even among the four subjects 
required for the experimental investigation of repetitive work, the following 
tests were applied to a group of thirty girls (average age 17 years) at the 
Higher Openshaw Central School for Unemployed Young Persons. 

TEST I. 

{Compiled hy Mr, J, A, Fraser, of the Manchester University Psychological 

Laboratory) 

NAME OF SUBJECT 

IQ 

1. Put a stroke through the second I in the word “ little/* 

2. Make two crosses under the shortest word in this sentence. 

3. If the sum of 3 and 7 is less than 12 put the figure 6 between these 

tw’o crosses X X. 

4. If Z is the last letter in the alphabet, and if B does not come before 

A write No under this line. 

5. Look at the line of figures at the end of this sentence and put a 

circle round the fourth figure to the left of 2, and a line under 
the second figure to the right of 5 : — 7895831620974. 

6. Look at the square and the circle. Put X in the space which is in 

the circle but not in the square, and Y in the space which is in 
the square and in the circle. 



7. If the letters of the word NOR appear in the same order as they 

do in the alphabet, and if the same is true of the letters in the 
word AND, write the letter Z, but if this is true of only one of 
the words write the last letter of that word immediately after 
the last word in this sentence. 

8. Look at the five rows of letters below and draw three lines which 

do not cross, connecting — 

1. The 14th and the 37th letters. 

2. do 2nd do. 45th do. 

3. do 5th do. 42nd do. 

BOXTUVAZX. 

HNGFTREWQ. 

ASDOTQYUL. 

FBHNMTG K J. 

AZCHBMLKN. 


This test applied to a group of school children gave a correlation 
coefficient of + *60 (p.e. ± *078) with Intelligence Quotients based on 
the Northumberland scale. Applied to a group of cotton operatives, it 
gave a correlation coefficient of -f- *86 (p.e, ^ *036) with weaving efficiency. 



NUMBER OF SUMS WORKED 


25 

SUBJECT A (m£AH VARlATtON 4- 4) 



Fig. 8. 



TEST II.— ADDING TEST. 

The classes added printed groups of figures (as below) for one hour, 
writing the answer beneath each column of digits and marking the 
number of sums completed every three minutes. 


12 

49 

51 

64 

75 

86 

97 

18 

23 

35 

41 

52 

63 

74 

98 

89 

78 

21 

12 

43 

54 

65 

76 

89 

94 

16 

29 

35 

46 

57 

61 

72 

45 

32 

83 

19 

98 

27 

31 

42 

57 

68 

73 

84 

95 

16 

27 

38 

34 

31 

42 

53 

64 

74 

86 

97 

47 

58 

69 

17 

98 

29 

81 

62 

91 

25 

36 

47 

58 

65 

78 

82 

21 

32 

17 

81 

32 

43 

53 

27 

67 

59 

91 

12 

23 

39 

41 

61 

75 

84 

96 

76 

65 

54 

14 

39 


etc., etc. 


The curves of three of the subjects afterwards chosen for the laboratory 
experiment are given in Fig. 8 (the fourth, subject D, did not follow 
instructions and consequently her rate of work could not be determined) . 

It will be seen that these curves, which illustrate one hour's intensive 
repetitive work, indicate very accurately some of the subsequent findings 
of the eight weeks investigation. 
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PREFACE. 


As is stated in their Third Annual Report, the Board early in 
1923 decided to collaborate with the National Institute of 
Industrial Psychology in carrying out a preliminary investigation 
on vocational guidance, consisting amongst other inquiries oi 
first, the application of certain tests to children leaving scluKd, 
and secondly, the determination of the extent to which the results 
of these tests show correlation wth subsequent proficiency in the 
industrial occupations entered upon."^ 

In the course of the investigation, much use was made of 
'' tests of intelligence,’' most of which have up to the present 
been designed on a linguistic or verbal basis, that is to say the 
answers to the questions submitted arc expressed by means of 
words. It has been represented, first, that sncli tests, valuable as 
they are, may sometimes weigh unduly in fa\^our of those who 
have a special facility for verbal expression, and may fail to 
discover intelligence, such as might be valuable for many 
industrial occupations, in those who have a special difficulty in 
using or understanding words, and, secondly, that since with all 
individuals it is desirable to measure intelligence by the most 
comprehensive means possible, a combination of linguistic and 
non-linguistic methods is probably preferable to the former alone. 

In recent years, therefore, there has been a tendency to 
supplement the original verbal tests by others (designed chiefly 
by American psychologists) by which intelligence is measured, not 
by any oral or written response, but by the performance of some 
act. These performance ” tests of intelligence were originally 
devised for application either to mentally deficient persons to 
whom verbal expression was clearly a difficulty, or to foreigners 
ignorant of, or unfamiliar with, the language in which they were 
written. Of late years, however, they have been modified and 
applied, in conjunction with the other type of tests, to normal 
children entering industrial occupations. 

It is, perhaps, still too early to appraise the full value of these 
tests ; but in view of their probable importance in the future and 
of the fact that they are at present to be found described largely 
in scattered publications, the Board have decided to publish the 


* The investigation is now being continued and extended by the 
National Institute of Industrial Psychology under a special grant from Iho 
Carnegie United Kingdom Trust, but the Board have thought it desirable 
to publish the results obtained up to the present stage, and a report on 
these is now under their consideration. 

(31195) wt. 25602/1777 500 4/28 Harrow. G. 25. 
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present report (prepared by Miss Frances Gaw, who has had 
experience in the practical application of the tests in the 
United States), embod5dng descriptions of a number of those 
in common use. The tests described in this report have been 
found directly applicable to children in elementary schools under 
the London County Council. A partial restandardization of the 
tests has been accomplished with these children and certain 
minor changes made. 

The Board are indebted to Messrs. Appleton & Co., Ltd. 
(London), Messrs. Sidgwick & Jackson (London), Messrs. 
Warwick & York (U.S.A.), The London County Council, and the 
Graduate School of Education, Harvard University, U.S.A., for 
permission to reproduce certain diagrams and extracts from books 
published by them. 


A'pril, 1925. 
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I. INTRODUCTION. 


A. — Need for Performance Tests. 

The present publication is concerned with the development 
and use of performance tests of intelligence. One series of such 
tests is here described in detail, and directions are given for its 
use. So many excellent tests of intelligence have appeared in 
the last two or three decades, that in presenting another series, 
or adapting previously used tests to make another series, a 
word of explanation is not out of place. The justification for the 
present scale of tests is that it offers a method of measuring intelli- 
gence by non-verbal means — a method which has received com- 
paratively httle attention from psychologists. The principal 
reason for the use of non-verbal methods is to get a more 
comprehensive view of mental ability than is afforded by linguistic 
tests alone, and to correct an over-emphasis on verbal methods of 
expression. In general it is fairer to judge an individual by both 
verbal and non-verbal tasks, rather than by verbal only, and 
certainly in specific cases, as, for example, in vocational guidance 
for children leaving elementary schools, it is of paramount import- 
ance to give both kinds of tests in order to decide whether an 
individual’s abihties are manifested chiefly in a linguistic or a 
non-linguistic way. 

Performance tests, because of their recent development, have 
not as yet been subjected to as much careful scrutiny and 
experimentation as have linguistic tests of intelligence. Never- 
theless, scales of performance tests have been found not only 
satisfactory, but specially valuable for the range of years con- 
stituting roughly the elementary school period, namely from 6 
to 14. Hence non-verbal tests of intelligence — and among them 
the series for which directions are given here — are available for 
three important uses ; for vocational guidance, especially of 
children about 14, the age at which pupils leave the elementary 
schools ; for mental defectives, and more particularly for dullards 
with mental ages of 8 and upwards ; and for the large number of 
juvenile delinquents whose ages fall below 14. 
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B. — Historical Development of Performance Tests, 

1. Preliminary experhnents and tests. 

Performance tests, so called, were first developed for measur- 
ing intelligence as an outcome of the successful researches of 
Itard and Seguin upon the method of educating mental defectives. 
Itard, a French physician, conducted experiments during the 
first half of the nineteenth century, notably with the Wild Boy 
of Aveyron,''^ and later with infant idiots. In training the 
“ Wild Boy Itard used various combinations of forms and 
colours. Among his devices was a square board upon which he 
pasted brightly coloured papers, a red circle, a blue triangle, and a 
black square. He gave the boy cardboard forms of the same shapes 
and colours which were to be matched with those on the boards. 
Other boards involving various forms and colours were also used. 
Seguin, also working in France with mental defectives, after 
numerous experiments published in 1866^ a book containing his 
theories and his methods of training. He, like Itard, constructed 
a number of formboards and planned a series graduated in 
difficulty. 

To this new and successful method of training defectives two 
developments may be traced. First, similar material has been 
used most advantageously by Montessori and other educationists 
in teaching normal children. Secondly, formboards of various 
sorts have been developed for measuring intelligence. These 
formboards, though they were not adapted solely and primarily 
for testing until some years later, furnished the materi^ for the 
first performance tests. 

During the last two or three decades many performance tests 
of different types have been developed in various countries. 
Not all these tests arc formboards, and not all are primarily 
for measuring the intelligence of mental defectives, but whatever 
be their material and difficulties, they all have two outstanding 
characteristics in common. On the basis of these two re- 
semblances, performance tests can be defined as short mental 
problems, which may be presented and must be solved in non- 
verbal terms. Thus performance tests are designed (1) to 
measure intelligence primarily, and (2) to do so without making 
demands on the subject's ability to use language. His response, 
therefore, is almost of necessity manual, and it follows that the 
problem presented in a performance test is largely of a concrete 
nature. These tests, however, must not be confused with those 
of manual dexterity (in which success depends primarily on skill 
and deftness with the fingers), or with tests of mechanical ability 


1 Itard, J. De Vdducation d/un homme saiivage, 2 pamphlets, 1801 and 
1807. 

® S6guin, E. Idiocy and its Treatment by the Physiological Method, 
1866, 
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(in which recognition of mechanical relationships and principles 
is necessary for a successful solution). Performance tests are 
essentially measurements of intelligence, measurements in which 
the manual response is but a means to an end, analogous to the 
written response required in numerous linguistic tests. 


2, Causes to which the development of performance tests can 

be traced. 

The development of performance tests may be traced to 
three causes : the interest of psychologists and educationists 
in the nature of intelligence ; the practical necessity for some 
non-verbal method of measuring mental ability ; and the modem 
emphasis on individual differences. 

Interest in the nature of intelligence has inspired a large 
number of researches in England, France, America and Germany, 
many of which can be considered as the experiments preliminary 
to performance tests. These experiments consisted in the 
measurement of various processes, and the comparison of 
these processes with independent criteria of mental ability. 
Chief among the qualities studied were those of a physical nature 
— such as reaction time, height, weight, strength of grip and 
sensori-motor processes, both simple and complex. Among the 
earliest investigations should be mentioned those of G^ton^ 
who in 1883 first attempted to measure intelligence by means of 
laboratory tests, and those of CatteU in collaboration with 
Galton®. There followed a number of experiments,® with both 
normal and abnormal adults, as well as with school children, 
conducted by numerous investigators, among whom might be 
named Porter*, Smedley®, West®, Wissler'^, and Kelly®. 

In general the results of these experiments were somewhat 
contradictory. Bagley® in an elaborate study in 1901, and 
Perrin*® twenty years later found an inverse correlation between 


^ Galton, Sir Francis. Efiquiries into Human Faculty and its Develop- 
ment, 1883. 

^ Cattell, J. McK. Mental Tests and Measurements. Mind, 1890, 
15, 9. 

® See Report of Committee on Pliysical and Mental Tests, American 
Psychologic^ Association, Psychological Review, 2, 2. 

^ Porter, T. The Physical Basis of Precocity and Dullness. Academy 
of Sciences, St. Louis, U.S.A., 1903. 

® Smedle^’', F. Physical Development and School Standing. Depart- 
ment of Child Study and Research, Chicago, U.S.A., 1900. 

® West, G. M. Observations on the Relation of Physical Development 
and School Standing. Science, 4, 3. 

’ Wissler, C. Psychological Review, Monograph Supplements, 8. 

® Kelly, R. S. Psychological Review, July, 1903. 

® Bagley, W. On the Correlation of Mental and Motor Ability in 
School Children. Am. J. of Psy., 12, Jan., 1901. 

Perrin, F. A. C. An Expenmental Study of Motor Ability. /. of 
Expt. Psy., 4, Feb,, 1921. 
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mental and motor ability, while, on the other hand, Gilbert^ in 
1893 and Spearman^ in 1904 found a positive correlation between 
various sensori-motor processes and intelligence. Burt, (1909®) 
as a result of correlating a group of mental and motor tests 
found little or no correlation between simple sensori-motor 
tests and general intelligence, although the correlation from 
some of the more complex sensori-motor tests, such as irregular 
dotting, card sorting and alphabet sorting, were high enough 
to prove them of undoubted value in the diagnosis of intelligf^ncc. 
The appearance of Binet's scalc^ ol intelligence tests — resulting 
from his experiments with French children — gave rise to many 
researches in the evaluation and analysis of various qualities 
in relation to general intelligence. Among such n ‘searches 
should be mentioned Bobertag’s® with Gennan children, Burt's 
(1921) with London children, Goddard’s®, Kuhlinan’s'^, Tennan's®, 
Child’s®, and Yerkes’^® with American children. 

Considering the numerous experiments on the nature of 
intelligence, so far as the}?' concern non-linguist ic tests, the results 
are at first view disappointing. Not only an^ they contradictory, 
but between non-linguistic processes and criteria of general 
intelligence, correlations, if found at all, are, with a few exceptions, 
scarcely large enough to be significant.^^ Consequently, in the 
selection of measurements for general intelligence the emphasis 


^ Gilbert, J. A. Researches on the Menial and Physical Development 
of School Children. Studies from the Yale Psychological Lahorciioyy, 
2, 1894. 

2 Spearman, C. General Intelligence Objectively Determined and 
Measured. Am, J. of Psy., 15. 

® Where a date is given after the name of an author quoted in the text, 
the reference will be found in the Bibliography of Performance Tests 
(p. 41) 

^ Binet, A. I^e dCweloppement de rintelligence cbez ks enfants. 7J Amice 
Psyoholugique, 14, 1. 

5 Bobertag, O. Debcr Intelhgeuz Prufnngen. Zat fitr Angeio, Psych., 
2, 105 ; 5, 105 ; 6, 495. 

® Goddard, H. H. Articles on the 1911 Revision of the Binet-Simon 
Scale. Training School Bullehu, 1911, 1913. Vineland, NJ., U.S.A. 

’ Kulilman, F. A Revision of the Binet-Simon System for Measuring 
the intelligence of Children. J. of Psycho- A sthenics. Monograph Supple- 
ment, 1912. 

8 Terman, L. M. The Measurement of Intelligence Houghton, Miiiiin 
Co., 1916. 

® Terman, L. IM. & Childs, L., et al. The Skinford Revision and 
Extension of the Binet-Simon Measuring Scale of laUlligencc. Warwick 
& York, 1917, Baltimore. 

Yerkes, R. M. Bridges, and Hardwick, R. J Point Scale f^r 
Measuring Mental Ability. Baltimore, Warwick d York. 

11 The types of non-lmguistic tests which were used, and the crilLria 
with which" these tests were compared may account for this result. In 
any case, the possibilities for non-linguistic measurement were far from 
exhausted, and it must not be forgotten that these results apply only to 
certain types of non-linguistic tests. 



has been overwhelmingly on those of a linguistic type, and the 
development of non-linguistic tests has correspondingly lagged 
behind. 

It must not be supposed, however, that the results of the 
numerous researches referred to were entirely worthless so far 
as non-linguistic tests are concerned. Two valuable contributions 
were made ; first, directly light was thrown on various theoretical 
problems and, in a few instances, fruitful suggestions were 
supplied for actual performance tests ; and secondly, indirectly 
and in a negative way, the limits of the field in which non-linguistic 
tests must be developed, were indicated, so that, when devising 
such tests, we know that it is valueless to include certain 
measurements, as, for example, those of the simple sensory 
processes. 

The second — and perhaps the principal — cause for the develop- 
ment of performance tests has been the practical necessity for 
some non-linguistic means of measuring intelligence. This 
necessity has forced psychologists and educationists to look 
further than the previously mentioned experiments on the nature 
of intelligence, and to find other tests of a non-linguistic character, 
tests which will correlate with general intelligence. Performance 
tests have been developed chiefly in America, where the necessity 
for measuring the intelligence of non-English-speaking foreigners, 
as well as the need, in common with other countries, for classi- 
fying mental defectives, has given a special impetus to the 
development of non-linguistic tests. Also the study in America 
and elsewhere of physically abnormal subjects — as the deaf, the 
blind, and persons with speech defects has doubtless aroused 
much interest in non-linguistic tests. 

The third cause to which the development of performance 
tests may be traced is the comparatively modem interest in 
individual differences.^ This interest has led to a consideration 
of the differences between individuals in methods of expression 
as well as in other respects. It has also led inevitably to a study 
of the individual as such. Consequently there has followed a 
reaction against the too exclusive emphasis on ability of a 
linguistic type, and an insistence on a study by non-verbal 
methods of the individual whose ability does not make itself 
evident in linguistic terms. In this connection the interest in 
performance tests can be taken as indicative of a general trend 
in psychology, a trend illustrated also by the appearance of 
various measurements of special abilities and of numerous 
non-linguistic group tests of intelligence. 


^ A discussion of the question ol individual differences as it affects 
psychology in general will be found in Prol. Cyril Burt’s presidential 
address to the Psychological Section of tlie British Association, 1923. 
See “ The IMcntal Differences between Individuals.” 



C.— Types, Principal Scales and Uses of 
Performance Tests. 

(1) Types of performance tests. 

The first performance test to be used as such was the form- 
board. Norsworthy^ in 1906, employed one of Seguin's form- 
boards in testing a group of mentally defective children. Among 
the next performance tests to be used were those of a “ picture 
completion '' type, tests in which a dissected picture is to be 
fitted together again to make an intact whole— a simplified form 
of which later became popular as a jig-saw puzzle. Burt (1911) 
and Healy and Femald (1911), during the same year, published 
researches describing tests of this kind. Numerous other examples 
of these two types of tests, the fonnboard and the picture com- 
pletion, have been developed since they were first used. Among 
other kinds of performance tests which may be mentioned 
specifically are those consisting of a maze out of which the subject 
must find his way (Porteus, 1922), and those dependent on the 
logical analysis of form relationships, in both two and three 
dimensions.^ All these various tj'pcs of performance tests may 
be classified, on the basis of the materials used, in one or the 
other of two ways : either as (1) manipulative, those in which 
the subject handies and rearranges actual objects, such as blocks 
of wood and weights ; or as (2) non-manipulative, those iii wliioli 
he deals with pictures or other symbolical representations of the 
objects. 

(2) Description of principal scales of performance tests. 

The following does not profess to be a complete list of these 
tests. All that has been attempted is to nnmtion the most widely 
useful scales, as well as some single tests (not pari of any scale) 
of a performance type. 

Three scales consisting of performance tcbts only, deserve 
special consideration ; Pintner and Paterson's (1917) scale, 
Dearborn's (1923), and that used in the U.S. Army during the war 
(Yoakum and Yerkes, 1920). Ihe first, which was published in 
book form in 1917, is perhaps the most widely used at the present 
time. It consists of fifteen tests of several different types. This 
work was a direct outcome of the authors' attempts to measure the 
intelligence of deaf children, although the scale has been standard- 
ized for normal individuals of both sexes with chronological ages 
ranging from three to sixteen years. Certain tests of Dearborn’s 
scale — which has been worked out in conjunction with Shaw, 
Lincoln, Anderson and Christiansen — ^were published in 1916 


^ Norswortliy, N. The Psychology of Mentally Deficient Children. 
Archives of Psychology, 1, Nov., 1906. 

® Memoirs, 15. National Academy of Sciences. Washington, D.C., 
U.S.A. 



(Deaxbom, Anderson and Christiansen, 1916), and 1918 (Shaw, 
1918). The complete scale with standards for normal boys and 
girls was published in 1923. It has been used extensively by 
the authors with normal subjects, as well as in studjring children 
who presented some scholastic or disciplinary problem. The 
U.S. Army performance scale represents the pooled results of 
a number of psychologists’ work on performance tests. It 
includes parts of both of the preceding scales, as well as various 
other tests. Although the Army scale was not available to 
the public until 1920, it was, of course, in use several years 
earlier, when a large number of non-Enghsh-speaking recruits 
in the American Army were tested during the war. No norms 
for this particular combination of tests axe available except 
those based on soldiers’ records, so that it represents results 
from a much more selected group than either Pintner and 
Paterson’s or Dearborn’s scale. 

Four other series of tests, in which performance tests play 
an important part (although verbal tests are also included in 
these series), should be mentioned. First among these in point 
of time is Healy and Femald’s (1911) Tests for Practical Mental 
Classification. This scale, published in 1911, contains twenty-two 
tests, nearly two-thirds of which could be classified as performance 
tests. It was a result of a number of attempts on the part of 
the authors to find a satisfactory measure for the intelligence 
of juvenile delinquents, a measure independent of the subjects’ 
formal education and ability to use English or any other language. 
Knox’s (1914) scale, based on results obtained with immigrants 
at EUis Island, New York, was published in 1914. Various 
formboards, as well as other types of performance tests, are 
included in this scale. In 1914 also, Woolley and Fischer’s 
(1914) Monograph on Mental and Physical Measurements of 
Working Children was issued. The results from performance tests 
included in this scale are particularly interesting as they are used 
for vocational guidance of normal subjects. Haine’s (1916) 
Point Scale for the Blind, published in 1916, contains some tests 
unique among performance tests in that touch is substituted for 
vision, while the subjects’ response remains non-linguistic.^ 

When a survey is made of single performance tests, or of 
specific types of performance tests — as opposed to perfonnance 
scales in which several t 3 ^es of tests are used — about a dozen 
should be noted. Chief among those should be named two 
groups of formboard tests ; Ferguson’s (1920) Graduated Series 
of Formboards, a series which is difficult enough at the upper 


A scale of tests containing several whicli would be classified as perform- 
ance tests according to the definition here given has been devised and applied 
to London school children by Miss Margaret MacParlane. The results 
obtained with this scale are now in the press (see “ Studies in Practical 
Ability,” B. J. of Psych., Monograph Supplement). 



end^ to give a reliable indication, of college students’ mental 
ability, and Kent’s (1916a) Series of Geometrical Puzzles, designed 
to test both children and adults. A series of block design tests — 
which has proved among the most satisfactory of performance 
tests for a wide range of ages — ^has been described by Kohs (1923), 
who has made an extensive investigation of this type of test and 
has^ standardized his series of block designs on a large number of 
individuals. One of the best known and most useful series of 
performance tests consists of the printed mazes devised by 
Porteus (1919). These mazes are of special value as a measure 
of certain temperamental qualities, as well as of intelligence. 
Porteus has used them with about 6,000 subjects, including 
normal as well as sub-normal and psychopathic individuals, 
and children of primitive races. The use of these mazes in 
connection with Porteus’s Social and Industrial Rating Scales 
make them of especial interest. The Woodworth and Wells’ 
Substitution Test, revised by Wells and known as Substitution 
Beta should perhaps be specially noted. This revision is appar- 
ently much more difficult than the original Substitution, and is 
of interest as it promises to contribute to the urgent need for 
non-verbal tests sufficiently difficult for adults. 

A number of individual tests of the performance type, not 
part of any scale or definite series — such as card-sorting, mirror- 
drawing and cancellation — are described in Whipple’s Manual of 
Mental and Physical Tests (1914). 

It should be noted here that although some of the scales 
mentioned include a few tests for adults, tests which discriminate 
between normal persons at or above 16 or 17 years, there are 
very few performance tests (either parts of scales or single tests), 
sufficiently difficult to be used as a basis for comparing normal 
adults. It is true that the U.S, Army scale was used entirely for 
adxolts. The purpose of this scale, however, was largely to sort 
out men of inferior intelligence, rather than to compare those of 
normal mental ability. 

The performance tests described in the foregoing paragraphs 
fall into three divisions : (1) those which are parts of scales, as 
Pintner and Paterson’s ; (2) those wffiich are parts of a series 
all the members of which are of the same type, as Ferguson’s 
series of formboards ; and (3) those which are single tests, such as 
Woodworth and Wells’ Substitution Beta, developed individually 
rather than as parts of a scale or series. A scale strictly so-called, 
comprises tests of a number of different manifestations of general 
intelligence ; and in order to arrive at a mental age the total 
scale or a prescribed portion of it must be used. On the other hand, 
series of performance tests of one type and single tests cannot be 
taken as indicative of mental age for intelligence, just as a single 
test or a series of one type of test (for example, memory for 



digits), from the Binet scale cannot be so used. Individual 
performance tests and groups of tests of one type have their 
principal value when used in conjunction with, and as supple- 
mentary to, a standardized scale of intelligence tests, or some other 
criterion of mental abUity. 


(3) Uses of Performance Tests. 

The uses of performance tests maybe summarised as follows : — 

(1) To test foreigners, who speak little if any of the language 

in which the test is given, and who are often illiterate. 

(2) To test subjects with physical abnormalities, which 

handicap them in a linguistic test. Among such subjects 
would be the blind and the deaf, both of v'hom can be 
given only parts, and in some cases none, of the Binet 
scale, for example. Speech-defectives are also frequently 
given performance tests rather than linguistic tests, 
since defectives of this type, even though they may be 
able to make verbal responses, are usually so self- 
conscious and uneasy while doing so as to influence 
their score. 

(3) To test physically normal subjects, who present some 

special problem, with a method that shall supplement 
the result of the ordinary Binet or other hnguistic 
scale, and shall give the most comprehensive view 
possible of the individual’s intelligence. In bureaux of 
vocational guidance and in psycho-educational clinics 
devoted to the study of children presenting special 
scholastic or disciplinary problems, performance tests 
ai'e widely used. In clinics for mental defectives, 
juvenile delinquents and psychopaths of various types 
also, performance tests are used as part of the routine 
procedure. Among the classes of subjects considered 
in these clinics, specific mention should perhaps be made 
of the type whom Healy (1915) has called “ verbalist ” ; 
a type which is characterized by a capacity to use 
language very much above its ability in other ways. 
In a linguistic test, generally backward subjects with 
this special ability, may mistakenly be graded as 
normal. 

(4) To test English-speaking persons, physically normal, with 

a series for tests not as a supplement to, but as a 
substitute for the Binet scale. This use of performance 
tests is adopted only to a very limited extent, usually 
in clinics for young children, where it is considered that 
performance tests arouse greater interest than do 
linguistic tests, and therefore are superior to them. 



Where a non-linguistic method is necessary, or where examiner 
and subject speak different languages, there are in use but two 
alternatives to performance tests — either a non-language group 
scale of intelligence, or an ordinary linguistic test explained through 
an interpreter. The former method, although it is still much in 
its infancy, has great promise. It is not, however, likely to be 
entirely comparable to a series of performance tests, since there 
are obviously great difficulties in the way of a group scale including 
tests similar to manipulative performance tests ; and hence 
group scales must almost of necessity be limited to non-manipu- 
lative tests. The more obvious alternative to performance tests, 
where examiner and subject speak different languages — the use 
of an interpreter — ^has serious drawbacks since the interpreter, 
unwittingly, is likely to help the subject, and since the presence of 
a third person may disturb the rapport between subject and 
examiner. 


11. DESCRIPTION OF A SERIES OF PERFORMANCE 

TESTS. 

A. — Descriptions of the Tests and Directions for 
Giving Them. 

A series of 14 performance tests has been given in three 
elementary schools under the London County Council, and 
norms have been compiled for the use of these tests with English 
children. This group of tests^, which is now to be desciibed, 
comprises several from Pintner and Paterson's (1917) scale, and 
several from the U.S. Army Scale of Performance Tests (Yoakum 
and Yerkes, 1920). It includes, in addition, one other test, 
the Portcus (1919) Maze Test. 

It should here be emphasized that this series of tests ^ has 
been arranged as a scale, and that it is intended that the complete 


^ This series of performance tests was arranged in 1921 by the psycho- 
logists at the Psychopathic Hospital, Boston, U.S. A., including the present 
wTTiter. A manual of directions was also compiled at that time. The 
procedure in this manual for giving the tests was adhered to with the 
elementary school children ; the methods of scoring have been somewhat 
altered, as the tests have been partially re-standardized \Yith English 
children. 

^ It is particularly desirable with the scale here described to use all 
tests prescribed for each age, since the ‘ reliability ' of the scale as a whole is 
considerably higher than for some of the separate tests, (* Reliability * 
here and elsewhere is used in its technical sense. Tests are sometimes 
given twice to the same individuals, with an interval of time between the 
two testings. The extent to which the scores for each individual from 
the first testing accords with those from the second, is called the reliability 
of the test.) 




series or a prescribed part of it be used.^ To measure a subject's 
intelligence it is not sufficient to administer a single test, or even 
a number of tests selected at random. A scale of tests is indispens- 
able. ^ Like all other tests, those constituting this series are based 
on the principle, familiarized by the Binet scale, of sampling a 
number of different abilities, and amalgamating the total results. 
To do this, it is essential to give a number of different tests and to 
combine the results in the prescribed way just as in the Binet scale. 

It is not to be understood, however, that it is necessary in 
every case to give all the tests in this series in order to get a 
satisfactory rating ; indeed, such a procedure would be a waste 
of time in some circumstances, as not all the tests discriminate 
between all mental ages. The range of the different tests is shown 
in Fig. 1. The shaded portions indicate those mental ages for 
which the tests are not suitable. For example, the Goddard 
Adaptation Board is not discriminative above 10, the Manikin 
is not above a mental age of 8, while the Cube Imitation Test 
has a much wider range of usefulness and can be given profitably 
to subjects with mental ages between 5 and 15. Thus it will be 
seen that the tests vary considerably in the range of mental years 
which they cover. Analogous variations appear in the Stanford- 
Binet scale where some types of tests are re-inserted at several 


^ Further information than is given here, and records of detailed studies 
concerning the tests used in this senes may be found in the following 
places : — 


Porteus Test . . 

Cube Imitation Test . • 

Adaptation Board 
Mamkin Test . . 

Goddard Formboard . . 

Diagonal Test . . 

Woodworth & Wells' Substitution 
Test . , 

Triangle Test . . 

Ilealy Construction Test A . . 

Profile Test 

Healy Picture Completion Test I 


Burt, C. (1921) ; Porteus, 
S.D. (1922). 


Pintner, R. & Paterson, D*. 
(1917). 


Pintner, R. & Anderson, 


Cube Construction Test 
Dearborn Formboard . . 

Healy Picture Completion Test II . . 
Manikin Test . . 

Profile Test . . 

Woodworth Wells' Substitution 

Test 

Dearborn Formboard . . 


M. (1917). 

Memoirs of the National 
Academy of Sciences, 
Vol. 15. Washington, 

D. C., U.S.A. ; Yoakum, 
C. S. & Yerkes, R.M. 
(1920). 

Dearborn, W. F. ; Shaw, 

E. A. ; & Lincoln, E. A,, 


(1923). 


^ Arrangements can be made for the supply of copies of the tests here 
described through the National Institute of Industrial Psychology, 329- 
High Holborn, W.C.l. 




10 



Figure 1 . — Diagram for determining the performance 
tests to be used at various ages. 


age-levels (for example, memory for digits), while others appear 
only at a few (for example, the fable, or the ball and field). In 
selecting the tests to be used for a given subject, his chrono- 
logical age is first to be considered. Thus a child of 9 would be 
given all the tests except the Manikin because all the other 
tests discriminate at and above 9. Only if he did poorly on the 
other tests would he be given the Manikin. 


(1) Porteus Maze Test. 

Material . — ^The material for this test consists of eleven mazes 
printed on separate sheets. These mazes are graded 
progressively in difficulty. 

Procedtire .'^ — For all children above the level of the infants' 
school, the examiner begins with the maze for age V. The 
child is told to ' suppose this is the plan of the paths in a 
garden. These lines are walls which you cannot get over. 
Start with the pen from the mark at the top, and find your 
way out of the garden by the quickest path. Show me, first 
of all, any openings that you can see/ [The two openings 
are indicated.) ' All the other paths are blocked. Don't 


^ The procedure and scoring and also the figures given concermng it 
in Tables A and B [see below) for this test are those used with English 
-children by Prof. Cyril Burt, and described in and Scholastic Tests, 

L.C.C., 1921. 




go up any of the blocked turnings. Go down this path from 
the top, and then out by the first opening you can find.' 
To avoid marking the paper, the child uses a dry pen or a 
pointed stick. After he has once begun, he should not lift 
his pen from the paper. ^ 

With the succeeding patterns the openings are not 
pointed out first of all. Emphasize that the child must find 
his way out without turning up any of the blocked paths ; 
and, as soon as he enters a blind alley and has discovered 
that he is blocked, do not allow him to correct his mistake 
by retracing his path, but bring him back to the starting 
point for a second trial. If for some reason — ^for example, 
a suspected accident in a successful second trial — a third 
attempt seems needed, invert the diagram and treat it as 
a new test. 

'' Dr. Porteus states that the tests need be continued 
only until the child entirely fails with two successive mazes. 
I suggest that, unless it is plainly evident that the remainder 
are too hard, each child should be allowed to attempt every 
test.'' 

Scoring , — The following method is recommended for scoring 
the results. One mark is awarded for each test correctly 
performed on the first trial. Half a mark only is allowed if ^ 
second trial is necessary for success, or if, in the test for year V. 
the child passes out of the second or lower opening. To the 
total number of marks thus gained, add four marks for 
presumable success in imaginary tests for ages I. to IV. ; 
the result wiU give the child's score roughly in terms of a 
mental age. There is no test for age XIII. But four trials 
are allowed with the mazes for ages XII. and XIV. With that 
for age XII. a full mark is allowed for a success in any of the 
first three trials ; and half a mark for a success in the fourth. 
But with that for age XIV. two marks are allowed for a 
success in the first trial ; and for every further trial needed 
half a mark is deducted ; thus a child who does not succeed 
until the second trial scores only one and a half, and so on. 

"'For English children the standardization does not 
appear altogether perfect. The percentage in each age-group, 
passing the tests assigned to their own year, differs much 
from maze to maze. For example (counting two half- 
successes scored by two different children as equiv^ent to 
one full success scored by a single child), only 62 per cent, 
of the children aged 5 pass the maze for age V., while as 


^ Dr, Porteus requires the child to mark his path visibly in pencil. 
Tins entails a fresh sheet for every child, and with the same child, after 
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many as 84 per cent, aged 8 pass the maze for age VIII. ; 
and, indeed, even by modifying the given mazes slightly, or 
selecting mazes afresh from a new and larger series, it would 
be difficult to hit upon an evenly graduated scale containing 
only one test to mark the exact median for each year. Hence, 
I suggest that the mazes as a whole be regarded as forming 
a single graded test-series, roughly increasing in difficulty 
rather than as marking definite mental ages.'" 


(2) Cube Imitation Test. 

Material . — Five black one-inch cubes are used for this test. 


Procedure . — ^The examiner places four cubes in front of the subject, 
about two inches apart. With the fifth cube he then taps the 
blocks according to the first line-pattern given below, about 
one tap per second. The cube at the subject’s left (which is 
numbered 1) is always tapped first. After each line-pattern 
the examiner places the fifth cube in front of the subject, 
about on a line midway between the third and fourth cubes, 
saying '' Do that.” The next line-pattern is then tapped, and 
so on till the subject fails in at least three successive patterns. 
The successive line-patterns are as follows : — 


a. 1-2-3-4 
h. a-2--3*-4-3 

c. l-2^3-4~2 

d. 1-3-2-1 


$. 1— 4“-3—2 
/. l-4~2-3 

g. 1^3-2-4-3 

h. 1-4--3— 2— 4 


k. l~3--l->2--4 
/. l~4-3-l-2-4 

m, l~3-2-4-l-3 

n. 1-4-2-3-4--1 


Scoring . — The score is the' number of lines correctly reproduced. 


(3) Adaptation Board. 

Material . — The Adaptation Board is an oblong wooden board, 
through which four circular holes have been cut. Three of 
them are about 6-8 cm. in diameter and the fourth about 
7 cm. in diameter. There is a wooden block which exactly 
fits the larger hole. 


Subject. S S S S 


o 

o 


0 O 


o 

o 


O 0 


0 O 

o 

o 


o o 


o 

o 


lO 0 


o o 


Examiner. E E E E 

1 2 3 4 5 


Figure 2. — Goddard Adaptation Board. 

The position of the larger hole is indicated by a small cross. 

Procedure . — ^The successive positions of the larger hole (marked x) 
are shown in Fig. 2. The hoard is first placed Vith the larger 
hole as in diagram at examiner’s upper right-hand corner. 
The examiner, holding the board in his left hand and the 




block in his right, then shows the subject (who should be 
seated opposite him) that the block fits in the larger hole 
only. The block is then given to the subject, with the 
direction to “ Put it in the right hole.” If he fails he is 
shown his mistake. The examiner then turns the board over 
from his right to his left so that the larger hole is in the 
position shown in diagram 2, at examiner’s upper left-hand 
corner. The subject is asked to put the block in the right 
hole, and as before, if he fails, is shown his mistake. The 
board is then turned to positions shown in diagrams 3 and 
4, with larger hole at examiner’s lower left-hand corner, and 
at examiner’s lower right-hand corner respectively. If the 
subject fails in either case he is shown his mistake. In each 
problem the board is turned over, and for the first four 
problems the long axis should be horizontal to the table. 
For the last move the examiner takes the board in his right 
hand, and turns it up and away from himself until the short 
axis is vertical to the table. He then turns it anti-clockwise 
about the centre as an axis until the larger hole is at his 
upper left-hand corner. He then turns the board a third 
time, so that the short axis is again horizontal to the table 
as at the beginning of this problem. {See diagram 5.) 
Each change of position is made with an even movement, in 
about one or two seconds. 

Scoring . — ^The score is the number of correct first placings of the 
block. 


(4) Manikin Test. 

Material . — ^This test consists of pieces of wood made to represent 
a man’s arms, legs, trunk and head. 

Procedure . — ^The pieces are placed in the following order (going 
from the subject's left to right) : — ^the left arm, the left leg, 
the trunk, the right leg, the right arm, the head. The 
examiner does not tell the subject what the pieces represent 
but merely says “ Put this together as quicldy as you can.” 

Scoring . — ^The score is recorded in points, as follows : — 

A complete performance, absolutely accurate — 5 points. 

One or both arms up or out, i.e., not exactly fitting in the 
joints — 4 points. 

One reversal, i.e., right arm for left ann and vice versa, or 
right leg for left leg — 3 points. 

Two reversals, i.e., both arms and both legs reversed — 2 
points. 

Legs or arms interchanged or arms at sides, or any other 
result which looks like a man — 1 point. 

Eailure to see that it is a man — 0 points. 
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5. Goddard Formboard.^ 

Material — ^The material consists of a wooden board (13 in. X 18 in.) 
and ten wooden blocks which fit the recesses cut in the board. 


ExamiiiL-r, 

X 



Subject. 

Figure 3. — Goddard Formboard. 


The three pieces marked with crosses are m the bottom layer. 

Adapted, by permission of the publishers, from PmtmT and Paterson : " A Scale 
of Performance Tests.'' D. Appleton & Co. . New York and London. 1917. 

Procedure , — ^The material is placed as shown in the diagram, except 
that the pieces are piled on top of each other. The table on 
which the board is placed must be such that the subject can 
lean over the board and look down on its centre. A child 
should usually be asked to stand while doing this test. The 
subject is told to put the blocks into place as quickly as 
possible. He is urged and encouraged if necessary. Three 
trials are given, no one of them being allowed to last over 
five minutes. 2 


1 This test has been revised by Goddard from, one of S4guin's 
Formboards. 

2 As time is an important factor in the scoring of so many of the per- 
formance tests, it should be emphasized that a warning, followed by a 
definite signal lor beginning, should always be given to the subject. Some 
such expression as Ready — Go 1 may be used. 

mi95) c 




Scoring . — The score is the time taken for the shortest trial. No 
credit is given unless all the blocks are correctly placed. 
Another method of scoring is that of using the average time of 
the three trials. This method, however, has not been fully 
tried out as yet, but some use of it has been made in this 
Report {see Table B. p. 36). 


6. Diagonal Test. 

Material . — This test consists of a wooden frame 5 in. x 6-5 in. 
and five insets to fit into this frame. 


Examiner. 




Figure 4. — ^Diagonal Test. 

Adapted, by permission of the publishers, from Pintner and Paterson t A Scale 
of Performance Tests/' D. Appleton & Co. : New York and London. 1917. 


Procedure . — ^The material is placed as in diagram. The only 
directions given are “ Put this together as quickly as you can.” 

There is a time limit of 4 minutes 35 seconds. 

Scoring . — ^The score is the number of seconds taken to place the 
insets correctly. No credit is given for a partially correct 
solution. 




7. Woodworth and Wells* S^ibstitution Test, 


Material , — A printed tfest sheet and a pencil are the materials 
needed. 


Examiner. 

© □ cgD A 


o 

☆ 

□ 

© 

A 

☆ 

o 

□ 

A 


□ 


☆ 

A 

© 

o 

☆ 

A 

□ 

o 

☆ 

o 

□ 

☆ 
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.A 

o 

© 

☆ 
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A 

o 

© 

□ 

☆ 

□ 

o 

A 

□ 


o 

A 

☆ 

A 

o 


A 

□ 


Subject, 

Figure 5. — Substitution Test. 

Reproduced by permission of the publishers, from Pintner and Paterson : A 
Scale of Performance Tests.” D. Appleton & Co. : New York and London. 1917, 


Procedure . — ^The test sheet {see Fig. 5) is placed before the subject 
and his attention is called to the key at the top. The examiner 
says " There are numbers in these figures at the top {pointing 
to the key), but there are no numbers in any of these {pointing 
to the five rows). You are to fill in these {pointing again to the 
five rows) with the right numbers. Look at the key and say 
which number goes here, for example {the examiner points 
to first figure).” If the subject does not understand at once 
the explanation is repeated until it is reasonably sure that 
he does. The examiner then says : “ Fill in these figures with 
the right numbers beginning here {pointing to first figure), 
and work along each line, across the page from left to 
right.” The subject is not allowed to fill in all the figures 
of one sort, as, for example, the star, then all of another 
and so forth. He must take them one after another as they 
come. 

Scoring . — ^The total time in seconds is recorded and also the number 
of errors. For the score there is added to the total time 
(one-fiftieth) of itself for each error. 

(81195) c 2 



8. Triangle Test. 

Material . — ^This test consists of a wooden frame and four right- 
angle triangles. The frame is similar to that used in the 
Diagonal test, and measures 5 in. x 6’ 5 in. 

Examiner. 



Subject. 

Figure 6 . — ^Triangle Test. 

Adapted by permission of the publishers, from Pintner and Paterson : A Scale 

of Performance Tests.” D. Appleton & Co. : New York and London. 1917, 

Procedure . — ^The material is placed as in the diagram, the examiner 
saying : “ Put this together as quickly as you can.” There 
is a time limit of 4 minutes 35 seconds. 

Scoring . — ^The score is the number of seconds taken to place the 
insets correctly. No credit is given for a partially correct 
solution. 

9. Healy Picture Completion Test I. 

Material . — ^The materials are a large picture mounted on wood and 
measuring 11 in. X 15 in., m which ten holes have been cut, 
each removing some essential object, and a box of 50 (fifty) 
smaller pictures, each one of which is mounted on wood. 

Procedure . — ^The large picture is placed before the subject, with 
the box of small pictures where it can be seen and reached 
easily. The examiner should make sure that the small 
pictures which are needed in the solution are scattered 
throughout the box, and that no two of them are beside each 
other. He then gives the following explanation : ” Look 
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at this picture and see what is happening. Sec what the 
people are doing. You are to fill in these empty spaces so 
as to make the picture look right, so as to make the best 
sense. Any of these blocks will fit into any of these spaces. 
But choose those which seem best to you, those which will 
make the best picture. ' ' [Pointing to the wagon.) ‘ ' What is the 
man looking for ? What is gone ? '’ If the answer is wheel, 
the examiner says : ‘‘ That's right. Find the wheel among 
the other blocks and put it in." If the correct response is not 
given the examiner explains the situation more fully and tells 
the subject to find the wheel and put it in. The final directions 
are : ''to fiU in the other holes in the same way as carefully 
and quickly as you can." Speed is not to be emphasized, but 
should be mentioned. When every space is filled and the 
subject indicates he has finished, the examiner says : " Now 
look it over carefully. See if you are satisfied with every 
block. See if it is exactly as you want it, and then tell me 
when you have finished." The time limit is ten minutes. 

Scoring . — The table ^ below shows what marks are to be given for 
each picture inserted by the child. The score for the whole test 
is the total of the marks awarded for each picture placed. ^ 


Basket 

55 

4. Chicken . . 

58 

6. F. Bird 

.. 87 

Bucket 

2 

Baby 

1 

Basket 

.. 2 

Cherries . . 

7 

Cage 

1 

Cage 

.. 7 



Cat 

2 

Cherries 

.. 3 

BrokenWin- 

100 

Cherries . . 

2 

S. Bird 

.. 18 

dow. 


D. Cat . . 

1 



Blank 

2 

F. Bird . . 

1 

7. Football 

.. 84 

Cage 

1 

Hatchet . . 

1 

Baseball 

.. 21 

Curtained 

32 

Mouse . . 

1 

Cherries 

.. 2 

Window 


S. Bird . . 

2 

F. Bird 

.. 1 





Pumpkin 

.. 1 < 

Cat 

81 

5, Dog 

64 



Baby 

4 

Baby 

2 

8. Hat 

. . 65 

Chicken . . 

2 

Blank 

2 

Baby 

3 

Cup 

1 

B. Window 

1 

Books 

.. 1 

Departing 

7 

Cat 

2 

Cat . . 

.. 2 

Cat. 


D. Cat . . 

2 

Chicken 

1 

Flying Bird 

2 

Hatchet . . 

1 

Dog 

.. 1 

Fruit 

1 

Mouse . . 

1 

F. Bird 

1 

Milk Bottle 

4 

S. Bird . . 

1 

Mouse 

.. 2 

Stm Bird . . 

1 

Stool 

1 

Purse 

. . 3 

Sleeping Cat 

2 





Stool 

1 



9. Log 

. . 52 





Blank 

.. 1 





Hatchet 

. . 6 





Stool 

2 


1 The marks given in the table for various placxngs of tlie pictures 

were determined after an elaborate study of the test, and a careM 
consideration of the relative values of the small pieces. [See Pintner, R. 
and Anderson, M. (1917) ). „ . ^ 

2 Full credit is given for placing the pumpkin {see item 7 m the taDie) 
where the football should be, if the examiner, after questioning the 
subject, is convinced that he took^ the pumpkin for a football, ihis 
change in the scoring was made after consulting Dr. K®aly, the author 
of this test. It seemed no more than fair since very few of the 
children to whom these tests were given had ever seen a pumpKin a 
since the one shown resembles a football. 





10. C%1>6 Construction Test. 

Material. — ^The materials for this test are three wooden blocks 
called models 1, 2 and 3 respectively {see Fig. 7) ; and 
twenty-six 1-in. cubes necessary to construct these three 
models. Models 1 and 2 are 1 in. X 3 in. X 3 in. and are 
made to represent composites of nine small cubes. Model 1 
is painted on the sides, but not on upper or lower surfaces ; 
model 2 is painted on the sides and on the top surface as well. 
Model 3, a 2-in. cube made to represent a composite of eight 
small cubes, is entirely unpainted. The twenty-six small 
cubes are painted on some of their surfaces and unpainted on 
others, so that when properly put together they duplicate 
exactly the painted surfaces of models 1, 2 and 3 respectively. 



Figure 7. — Cube construction test. 
Shading indicates portions which are painted red. 


Procedure. — Examiner presents model 1, and says : “ You see 
this block. Notice that it is painted on the sides, but not on 
the top or the bottom ; and you see these smaller blocks, 
partly painted and partly unpainted. These nine blocks can 
be put together so as to make one just like this.” Examiner 
puts the blocks together, pointing out and commenting on 
the painted surface or surfaces of each cube as he fits it in 
position. He then points to the cube which he has assembled 
and says : “ You see that I have put these cubes together to 
be just like this big block {pointing to model 1). This one I 
have made {examiner picks up the nine cubes which he has 
assembled and holds them together in his hand as one block 
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while he points to the four sides, top and bottom, as he mentions 
them), is painted on all four sides, but not on the top and 
not on the bottom. You sec it is just like this one '' {pointing 
to model 1). 

Examiner then presents the same model, and blocks in 
irregular order and says : “ Now, you are to fit the blocks 
together so as to make one just like this.” 

Examiner presents model 2 and the blocks for its con- 
struction and says : '' Now, put these blocks together so as 
to make one just like this. Notice that it is painted on the 
edges and on the top, but not on tlu; bottom.” {Examiner 
points to the edges and the top and the bottom as he mentions 
them) 

He then presents model 3 and says : “You see this block ; 
notice that it is not painted any^vhere.” {He turns the block 
over and indicates that it is entirely unpainted) '‘And you see 
these smaller blocks that have three sides painted and three 
not painted. Now I want yon to fit these eight blocks 
together so as to make one just like this. Remember, it is 
not painted on the bottom, top or sides.”^ 


Scoring . — A record is made of the number of moves, i.c., place- 
ments in some position designed to complete or alter the 
structure. If parts of a structure are assembled separately, 
putting such parts together to form the structure as a whole 
does not count an additional move. If the blocks are fitted 
together in the hand, the moves are counted just as they are 
if the blocks are assembled on the table. Changing the face 
of a block, however, does not count as a move. 

Time in seconds for reconstructing each model is also 
recorded. The time limit for work on each model is two 
minutes. If the subject assembles the blocks before the time 
is up, spontaneous corrections are allowed, counting the extra 
time and the additional moves. Each block changed counts 
one move as before. The time should be taken when the 
subject indicates verbally or otherwise that he has finished. 

Whether the subject has finished or not, each misplaced 
block is counted as three additional moves ; each unassembled 
block six additional moves. 


1 In practice it has been found convenient to have separate boxes or 
envelopes for the blocks making up each of the three models. This not 
only saves time in giving the test, but avoids the possibility that the 
subject may be unduly assisted by watching the examiner sort the blocks 
for each part. 

( 31195 ) ^ ^ 
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No mark is allowed for time if the blocks are not all 
assembled. Time (if the blocks are all assembled), and the 
total number of moves (whether the blocks are all assembled 
or nc>t) are credited as follows : — 


J^IodelH 

1 , 2 . 

Moves. Points. 
9 

10-11 
12-15 
i(>-25 


Model 

Model 

3, 

1. 

Moves. 

Seconds. 

H 

1-10 

9-10 

1 1-25 

11-15 

20-50 

m-25 

51-80 

23 -50 

81-120 


Models 

2 , 3 . 

Points. Seconds. 

5 . . 1-20 

4 . . 21-30 

3 . . 31-50 

2 . . 51-80 

1 . . 81-120 



'riio marks for moves and for time are added for the total 


11. Dearborn Formboard. 

Material , — The material for this test consists of a formboard 
measuring 11*5 in. x 13*5 in., and six different types of insets, 
as illustrated in tlie diagrams. 

Pr(fcetlure--Thi,t board is placed before the subject, arranged as 
in the diagram for demonstration. The examiner explains to 
subject that the blocks can be re-arranged so as to make 
n/om for tin? extra square. The (examiner then solves the 
})roblem, using the minimum number of moves, while the 
snhjt^e.t vvaiclu-s. A mrive is pLacing or trying to place a 
block in one of the apertures. The board is next presented 
arranged for problem A {see Fig. 8), the examiner saying. 
Change the.si' blocks so that you can find a place for the 
extra square {pointing to the square). Don't have any blocks 
left over, and do it in as few moves as you can." If not 
solved, the corrt‘Ct solution is demonstrated before going on 
to the xioxt part. The board is then presented ready for 
problem B, the examiner telling the subject to re-arrange it 
so as to make room for the extra square. The board arranged 
for probliiii C is then presented, the examiner telling the 
subject again to make room for the extra blocks. The subject 
i.s iK)t allowed to watch while the board is being re-arranged. 
A cardboard scu'cn which can be placed between the child 
an<l ihi! examiner is useful for this test. A copy of the four 
aceompanying diagrams can be pasted on the side of the 
Kcret*n facing tlu* t*xanuner ; and, with a little practice, the 
board (‘an be arranged for the successive problems within 
80 sec'ctids. 

The tiiiuf limit for problems A and B is 2 minutes ; for 
problem C it is 3 minutes. 
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Examiner. Examiner. 



□ □ 

Subject. Subject. 

Demonstration. A 


Examiner. Examiner. 





Subject, 

C 



Subject, 

D 


Figure 8. 

Shaded parts indicate unfilled spaces. 

Demonstration and Problems A, B and C 
are reproduced, by permission of the pub- 
lishers, from Yoakum and Yerkes ; " Mental 
Tests in the American Army/* Henry Holt & 
Co., New York; Sidgwick & Jackson, Ltd., 
London, 1920. Problem D from Dearborn, 
Shaw & Lincoln : “A Series of Form 
Board and Performance Tests of Intelligence/* 
Haward Monographs in Education, Scries I, 
No. 4, 1923. 
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Scoyin^, — Tlu^ in seconds, and the number of moves, taken 

for t‘iich problem separately, is recorded. If a problem is not 
Sfilved within the timt^ limit, that part of the test is scored 
zero ; but if a correct s(dution is found, the problems are 
scon*d as follows : — 




Marrs. 



Time, 


Problem A. 

B. 

C. 

Credit. 

A. and B. 

C. 

Credit. 



8 

5 

0-10 

0-20 

5 




4 

1 1-20 

21-40 

4 

8 

5 

10. -I! 

3 

21-40 

41-70 

3 

4 

G 

Hi- ‘14 

2 

41-70 

71-110 

2 

5-7 


15- 20 

1 

71-120 

111-180 

1 


11a. Dearborn, in his scale of Formboard and Performance 
Test^,^ lists a sii.^litly diltVrent procedure and method of 
scoring this test from tliosi* just given. His methods are 
included hen^ as lluty have been used largely with children, 
whil(t the intdhods given in the preceding paragraphs have 
bt?en used principally with men in the United States Army. 

MaieriaL^ln Dtnirborn’s scaU% problems A, B and C are identical 
with A, and (> as given in the United States Army 
scale, except for a slight alteration : the board is turned 
round s(i tluit the positions of examiner and subject are 
n* versed. Problem D, which is used in addition to A, B 
and C, is givt^n ns in the diagram. 

The procedure and scoring for this test are quoted from 
Dearborn’s account of his scale. 


Procedure . — “ Problem A is used as an example. After the 
blocks arc arranged, the examiner says to the subject, ‘ I am 
going to show you huw to do this puzzle, and then I will 
givt* you another like it to do yourself. Do you see these 
holes or spaces in the board {pointing to them) which have 
no blocks in them, and this square block which has been left 
out ? What we want to do is to make a space or hole for 
this square block and put the block into it in such a way 
that all the holes in the board will be filled and no block 
will bo lt*ft out. In order to do this we may change the 
<Uher blocks about ; only we must not make any more 
cliangrs than an> necessary/ The examiner then illustrates 
by filling the two i’lnpty spaces so as to clear a square space, 
in which he then pla<u‘s ihv square block. 


^ See Account of this Scale on p. 8. 



The board is then concealed from the subject and set up 
for problem B as shown in the diagram. Wlicn it is ready 
the examiner presents it and says to the subject, ' I want 
you to place these two squares in the board so that all the 
holes will be filled and no blocks left out. Make just as 
few moves of the other blocks as you can, and work quickly.' 

'' Problem D is next presented in the same way, and 
problem C is given last, since it has proven more difficult 
than D. 

Scoring , — Each problem is scored for both time and moves. 
If a problem is not solved in three minutes, it is recorded 
as ' incomplete,' and the examiner passes to the next 
problem. ... It is considered better to help the failing 
subject to find the solution quickly after the time limit is up 
rather than to break off suddenly, and thus emphasise his 
failure. 

** A move is counted whenever the subject places or 
attempts to place a block in an aperture of the board. 
If the block is one which will fit in the depression, that is, 
if there is no error of form, the move is counted as correct, 
no matter if it does not contribute directly to the solution 
of the problem. The removal of a block from the board 
does not count as a move, since the move is made when the 
block is replaced on the board. A move is recorded as 
incorrect when the subject attempts to put a block into a 
depression which it wifi, not fit. Right and wrong moves 
are added to get the total." 

The tentative standards for this formboard as given by 
Dearborn are as follows : — 

A ' performance age ' is first determined by the fol- 
lowing table, according to the total number of moves made 
in doing the three problems. 

P.A 6 7 8 9 10 11 12 13 14 

Number of Moves 48 45 42 39 36 34 - 32 28-31 22-27 

To the ' performance age ' thus found add 1 year if 
the total time taken for the three problems is 4 minutes or 
less. If the performance age is 8 or above on the basis 
of the number of moves, and if the total time taken is over 
5| minutes, subtract 1 year ; if the total time taken is over 
61 minutes, subtract 2 years. 

“ The number at each age, however, is small, and in the 
6th, 9th, 10th and 13th years especially the medians are not 
reliable on this account. Further, it is probable that the 
six-year-olds are a somewhat superior group, and the thirteen- 
year-olds are probably inferior." 



12. Hcaly Construction Test A. 

Matirid.—l\\\s> test con-sists of a wooden frame and five rect- 
anj,dt‘s. Tht.‘ frmne, like the Diagonal and Triangle Tests, 
ineJusuvc'S 5 in. X 6-5 in. 


Examiner. 






Subject. 

b itiUHE 9.— ilealy Test A. 

by j»ernii..Mun ut ihe publibher.^, from Vintner and Paterson; 

“ A Sealf f»i Verb trnunce Tests.'' 

U. Appb'ttJii Ok : N'rw Vork and London. 1917. 

Procedure . — ^Tlie matt -rial is placed as in the diagram, the 
e.Kaminer simply saying, “ Put this together as quicldy as 
you can.” Tin to is a time limit of 2 minutes 11 seconds. 

Scoring . — ^Thc .'tcore is the number of seconds taken to place the 
inset.s correctly. No credit Ls given for a partially correct 
solution. 


13. Heady Picture Ccnnpletion Test II. 

Material.- -Foj- this tt'St the matwials are a large picture mounted 
oil wood and mtusuring 11 in. x 11-5 in., and sixty small 
pictures also mounted on wood. This picture is divided into 
eleven sectitms, repre.senting iis many different scenes in a 
school boy’s day. In eacli picture a hole has been cut 
removing some i-ssential object. 




29 


Procedure, — ^The examiner places the large picture in front of the 
subject and the box of small pieces at the side where they 
can be seen and reached easily. Before the subject begins 
the test, the examiner must make sure that the small pieces 
are in their proper order in the box, i.e., in the order deter- 
mined by the numbers printed on the back of (^ach piece. 
The large picture is usually made in two pieces. The examiner 
must be sure that these are placed together and that the 
demonstration picture comes at the subject’s left. The exam- 
iner then says : '' Here is a story told in pictures. The story 
begins here ” {pointing to demonstration) “ where the boy is 
getting dressed. It shows the same boy, remember — the same 
boy, doing one thing after another during the same day.” 
{Examiner points along the first row, then along the second, 
to indicate sequence clearly) '' You see in each picture a 
piece is missing. Here ” {pointing) “ are a lot of small pieces. 
They fit in any of the spaces, but there are more pieces than 
you can use. You are to pick out the piece that you think 
is needed, that is best to complete the sense of the picture. 
For instance, what is missing here ? ” {pointing to demon'- 
stration), ‘'Yes, a boot.” (If incorrect answer is given 
the examiner says : “ No, he is dressing, and he is stooping 
for his other boot.”) Examiner continues : “ Now, which is 
the boot that he must have ? ” If the correct answer is 
given, the Examiner says : “Yes. This ” {pointing to shoe) 
“ wouldn't be right, because he must have a boot to match 
the other one. That is the way each picture is to be done. 
There is always some piece that is the very best one. You 
can tell which it is by studying the picture. Now go 
ahead.” 

The examiner gives no more help ; and says nothing 
further except, if subject asks, to tell him he may change 
his moves. When all the spaces are filled, the subject is 
asked if he is quite satisfied. If not, he is told he may 
make changes. 

The time limit is twenty minutes. 


Scoring. — ^The accompanying table is used in scoring. The final 
placings only are considered, and the points of credit for each 
of these placings are read from the table. All placings which 
are not scored in the table (i.e., those which represent marked 
absurdities) are counted as minus 5 (—5). For example, 
piece 19 in Test 1 would be absurd. Hence we find that in 
the column headed 1 the space opposite 19 is empty, so that 
if this piece is put into this picture it is to be scored minus 5. 
For the total score the minus values are subtracted from the 
plus. The value representing the best piece for each picture 
is italicised in the table. 
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14, Feature Profile Test. 

Material This test consists of pieces of wood which, when 
correctly put together, represent a man’s face in profile. 


Examiner. 



Figure 10. — Profile Test. 

Adapted by permission of tbe publishers, from Kntner and Paterson : A Scale 
of Performance Tests.'* D, Appleton & Co. : New York and London. 1917. 

Procedure . — The pieces of the test are placed before the subject, 
as in the diagram. The examiner simply says “ Put this 
together as quickly as you can.” He does not tell the 
subject what the pieces represent, and if the position of 
the head is changed by the subject, the examiner must 
not place it in its correct position again. The time limit is 
four minutes. 

Scoring . — ^The score is the time in seconds to assemble the 
pieces correctly. No credit is given for a partially correct 
solution. 
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1'}. — Intekfretation of Results with the Tests. 

In tiiis s<‘rti()n tw(» kinds of results with performance tests 
are to be conisid<*ri‘d : first, those which can be stated numerically 
and are concerned principally with the scoring of the tests ; and 
second, those whif'h cannot be stated numerically, and are 
conctTned largely witli the temp(Tamental factors which appear to 
modify a subject's scr)res. Thr‘se two kinds of results might be 
spoken of as quantitativt* and qualitative respectively. 

1 . ScoYxng. 

Tli(‘ scoring of Hk* separate tests has already been described. 
The next step is to coinbim* scores from each of the tests so as 
to gt‘i a nuiital ag<‘ and an inti‘lligence quotient for every subject 
tested, (hily a ('onibination of the n suits from a number of 
testv^ is of practk'al significanct* ; and the score in any single test, 
or in two nr Hirer U’sts. cann<k be considered sufficient. That 
a given subjei't rrceives a score' two yt‘ars higher than that 
receiv<‘d by most individuals ui his age in the Cube Construction 
Test, for example, is a fact of interest and of importance ; it 
aloiK*, howt‘\'{ r, is no inda'ation whatever that his mental age is 
two y<-ai's higher than his chronological age. As mentioned above, 
it is only on tin* basi.^ of rt'sults from a group of tests that a mental 
age can be deternumtl. 

Table A has marie for tht' translation of scores in the 
individual fists into terms of mental age. This table has been 
constnict(*d fnuii scons ma<le by English children, supplemented, 
in certain t<‘sts, by scores made in America.^ Certain scores have 
b(‘(‘n founrl to repr<‘St‘nt tin* medians for certain years, and are 
tfnTeforr‘ assumed to bt* convertibb* into the corresponding mental 
agt‘S, Thus a g!V(‘n scon* in any onti of the performance tests may 
be found in the, and translated into terms of mental age. For 
example, it vrill be seen that a score of 5 in the Cube Construction 
test is equivalent to a mental age of 8^0. The two middle points 
between tlie median for each age and the median for the ages 
immediately above and below it mark the limits of the range for a 
given mental age. For example, in the Substitution Test, the 
median score for 8-year olds was found to be 158, for 7-year olds 
18d, and for 9-year olds 141. The middle points between year 7 
and yvAir 8, and between year 8 and year 9 are 169 and 149-5, 
resp(‘ctively ; and the mental age of a subject whose score is 
between th<*.st> two points is 7-5, 8 or 8-5, according to whether 
his secure is nc-an-st the median for 8, the mid-point between 7 
and 8 or the inid-p<)int betwt'en 8 and 9. Where the same median 
score is assigiu‘d to two suoct-ssive years, as in the Manikin test 


Witii the the Test, the English scores are given 

tor 10 tti 13 inclusive, tiic American, for the other years. In the 

Furteuii Test, all resiilia givt'U are Knglish, except for years 5, 15 and 16 
Set footnote 1, p. 12, for references to the American standardization. 
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for years 6 and 7, the mental age of a subject who gets this score 
is read half-way bcjtween the two ycars» that is as 6*5. In cases 
where the same median score is given for three successive years, 
or for an uneven number ot years, as in the Dearborn Formboard 
second method, for years 10, 11 and 12, tlui middle year is used, 
that is, 11 in the example cited. The same value is repeated 
several times at the higher years in some tests, i.c., at ages above 
which these tests do not diffenmtiatc. A subject whose chrono- 
logical age is above these ag(‘s, is given credit for a mental age 
equivalent to his clironological age. Tlius a 15-year old child would 
receive a mental age of 15 in the Porteiis test if he made the 
maximxim score. The results from the Englisli standardization 
and from th<t American wen* not in all cases found to be entirely 
coniparabk',^ (‘sp(‘cially in the Adaptation Board, and in the 
Prolih" lt‘St* Hence medians for the last three years are not given 
for tht* Profil<.‘ And, in a few cases, values have been inter- 
polated in the table of norms. The median scores, whether English 
or Aim.'ricnn, havt? in all cases been given to the nearest whole 
number. 

When mental ages for idl the tests given have been found 
from Table A, the median- of these mental ages is taken. An 
intelligttnce qxiotient, or mental ratio,’* is then computed by 
dividing the mtrntal age by tlie chronological in the customary way. 
The results froni tluj group ol tests may be recorded in some such 
way as that indicated in th(3 accompanying Record Sheet. 

Calculating int<‘Uigenc(^ quotients is, of course, not the only 
u>se that cun be nia<le of scon'S from performance tests. It is 
sometim(;s dt%sire(l to compare groups of subjects by means of 
li givt^n as, for example, 9-year boys with 9-year girls in the 
Port < ‘US t<'st ; or to compare results from a given test within a 
singk^ group, as, for example, the range in the Cube Imitation 
test cov(;red by 11 -year boys. For either of these purposes it 
seems advisable to leave the results in terms of scores rather 
than to translate them into mental ages by means of Table A. 
Hence, in order to be available for comparison, the results in 
Table B have been left as scores. The terms in which these 
scores are expressed vary from test to test as already indicated. 


are possible explanations for this. In the first place, the 
iuignsa standardization is baseti on r<‘sults from practically equal numbers 
of l>oys and girls, while in the American standardization, in at least two 
tests- -.tlu‘ ( ube (onstruetkm and the Dearborn Formlward— the results 
UK- almost out.Rdy from men in tlie U.S. Array. Seamdly, the English 
sul.|t( ts t.-KUsl were of a somewhat lower social class than the Amencan, 
and It tmiy 1)0 with jierformaiu'e tests, as with other tests of intelligence 
that indiVKluals from u giKid environment liave an advantage over those 
tfom li ptHir, ^ 

• In order to find the median aU the mental ages are arranged in order 
^ smallest. The median is then tiiat value above and below 
which there are an equal number of mental ages. 
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Record Sheet Jor Performance Tests. 


Name 


Median Mental Ap^e = 
I.Q. = 


Tests. 


Scores. 


Final 

Scoics 


1. Porteus 


2. Cube Imita- 

tion 

3. Adaptation 

Bd. 


4. Manikin 

5. G, Fmbd. . . 

6. Diagonal . . 

7. Substitution 

8. Triangle 

9. P.C.I 

10. Cube Con- 

struction 

11. D. Fmbd. .. 


12. HealyA 

13. P.C. II 

14. Profile 


Data for scoring. 

Mazes. Cross out incorrect ; half 
marks at side. 

5 6 7 8 9 10 11 12 14 

Lines. Cross out incorrect. 

1 2 3 4 5 6 7.8 9 10 11 12 

Points. Cross out those not 
attained. 

1 2 3 4 5 

Points. Cross out those not 

attained. 

1 2 3 4 5 

1st ; 2nd ; 3rd 

Time 

Time ; errors 
Time 


Moves Time 


Model 1 
Model 2 
Model 3 

A 

B 

C 

D 

Time 

Pictures 1 


Moves Time 


6 


2 

7 8 


3 4 5 

9 10 


Time 


Mental 
I Ages. 


Remarks — 
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Thft chi(.^ use in this scale of performance tests of a table for 
translatinf( scores into mental ages, is to get a median mental age 
from which an intelligence quotient can be determined, to express 
the, results in one figure vvlnm the s<iries of tests is considered as 
a whole. 


Table B. 

Sex Differences in Performance Tests, 









' 

i 

i 




< 




N 









a 





£1 . 

S ') */ 

— ^ 

eg 

w 

2 

I* 3 

h 

.H* ^ 

1 

.3 

•s 

"? It 

-Is 

i 

a 

Cti 

1 .2 
j ^ 

t 

s 

r* 

Picture 

Coinpleiion 

2 

o 

2 

ll 

1 uu 

Dearborn 

Formboard. 

o 

4 

♦2 o 

i-M O 

1 
<u « 

i 

8. !>j\ . ' 


7* . 

4- 

4 5 


54' 

170- 

59- 

441- 

9- 

10*3 

106- 

31 3 

241- 

tiJSis j 


7* 

3-5 1 

4-2 

25- 

IfH* 

i 157-5 

109- 

207-5 

7* 

9*5 

132- 

22*3 

241* 

Atcia,;* , 

‘t I 

7‘ 1 

3-7 ; 

4-3 

24- 

124- 

163 7 

84- 

324*2 

8- 

9-9 

119- 

26*8 

241- 


. 

„ j 

j 












0. 


1 

i 

i‘ 1 

5-2 

19*5 

54- 

162- 

(■>9 '5 

529-5 

6-5 

14 

70-5 

29* 

175- 

(rllL ^ 

— 

7‘S 1 

o- • 

5-2 

22 5 

37- 

115-5 

76 

454-5 

6* 

12 5 

132- 

37-1 

189- 

Avfi igc ( 

) 

9-8 

7-2 1 

4*5 j 

5-2 

21- 

45 5 

138-7 

72-7 

492- 

6.2 

13*2 

101*2 

33- 

182* 



1 

1 

— 












10. Briv-, 1 

... 

7' 1 

4. 1 

4 -.5 

ly- 

49- 

112- 

36- 

569* 

10- 

12*3 

62*5 

53*5 

148- 

<lul^ 1 

— i 

«• 

4-5 ^ 

5- 

21* * 

60 5 

109- 

94- 

454- 

8- 

11* 

92-5 

47-5 

171*5 

Avciagf ; 

lU'H 

7*5 ^ 

4-2 1 

*•7 

20* 

54-7 

no-5 

65* 

511-5 

9- 

11*7 

77-5 

50*5 

159*7 


- ^ . 

1 

- ' 



1 











11. Boy, ; 

i 

H- ' 

5- 

;>• ! 

o- 

17* ! 

34- 1 

i 103- 

1 

43*5! 

583- 

11- 

12* 

62* 

1 62* 

110- 

Girh [ 

ir 5 , 

7*5 ' 

5- 

18* ! 

59- j 

! 98- 

71- j 

505- 

9- 

10* 

53-5 

54* 

121*5 

Avi‘u\ft j 

7-7 1 

; 

5- , 

17*3. 

46-5; 

i<m-5 

.57-21 

544- 

10- 

11* 

57*7 

58- 

115-7 




t 

»«- «. 

. , - -J 

! 









la, a>y«. * 

Unl't 1 

At crag* 1 


7 

5- ! 

Tv ' 

1«- I 

4.,ri 

j 

104- 1 

23- 

580- 

12-5 

11* 

42-5 

58-5 

70-5 

lU-ii 

H* 

7*5 _ 

I 

{>• * 

5 i 
5* ; 

18- i 
Id* ; 

it- 

«2*5i 

95-7 

44- 
33 -S 

.566- 

573- 

9* 

10-7 

12* 

11*5 

35- 

38-7 

63* 

60-7 

123- 

96*7 


. , 


— . J 


— , 



i 








1 

13. Bovs ' 

<hris * 

A\i'vn^t > ; 

. . i 

, „ 1 

7-5 i 

1 

1 

1 

i 

12* I 

27-5 

99- 

27-5 

608- 

11* 

IS* 

41- 

66-2 

79-5 

13-1! 

1 

8- i 

7-7 

( 

S* 1 

5- » 

) 

5- 1 
5* ; 

12* 1 
12- , 

45* 

36*2 

97' 

98' 

52-5 

40- 

566-5 

587*2 

12* 

11*5 

15*5 

15*2 

SO* 

45-5 

59-2 

62*7 

72-5 

76* 


thi^,tahl#»CoraK^cs !0 aiiU alx»ve are based oa records from 100 children at each age; except for 
the Dearb.rn l-Mnukaid at age 13, where 55 childrea only were tested, and the Porteus test, in which 100 children 
wect te .teci at all th** a-n- gi . .a m tb table. Twenty chilfiren only chosen as average were tested at ages 8 and 9 with 
alHhe exeept the Porte.i^. All the leojrds given in the table arc from pupils iu elementary schools under the 

‘th ^ luethcl,’* except at age 13 wheie records were scored by** 1st 


Attwition should be drawn to the marked sex differences 
shown m Jabh; H. It may be that the difftTences between boys 
and girls m prrfonnamx* tests simply illustrate two of the sex 
tiirleroucfs in various tests of intelligence found by Burt, Terman 
and others~-lir.st. that whilt; girls (jxad in a linguistic type of test, 
boys excel in a more percept ml sensori-motor type of test ; and 
Second, that girls usually have been found to excel in memory 
tests, boys m n^asoning. 
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2. Reldtion of Results with Peyfovmcince Tests to T empevameHtal 
and other Factors. 

The method of working which a subject employs is often as 
important as the amount which he does. For example, two 
individuals may have the same intelligence quotient aftc*r being 
tested with this scale of performance tests. Their reactions, 
however, may have been very different. One, perhaps, has 
worked carefully and deliberately, passing all the tests at about 
the level of his chronological age, and exhibiting no peculiar 
reactions. ^ The other, however, may have worked hastily 
and impulsively, doing well in some tests and poorly in others, 
making scores which range over a number of years, and in 
general exhibiting erratic reactions. These two methods of 
work, as well as other methods, may be said to depend on 
both intellectual and temperamental peculiarities. Whatever 
the nature of the factors, however, they should be taken into 
account in considering the results from performance tests. In 
the scale of tests here described, only one test, the Porteus Maze 
Test, could be said to measure temperamental factors directly. 
However, performance tests, even more than most other 
intelligence tests, furnish valuable opportunities for observing 
temperamental qualities indirectly. The material used is to most 
children more novel than Binet's material: and the novelty 
may have its own special appeal, or perhaps in some at first 
elicit suggestive signs of timidity. Since so many performance 
tests are scored on speed, as well as on accuracy, or on speed of 
reaction alone, it foUows that the subject's method of working 
is more dependent in these tests than in the Binet scale on 
ability to work under pressure, and to withstand distraction by 
unessentials in the material or by noises in the room. 

It is advisable, in giving this scale, as in other measurements 
of intelligence, to make careful observations on each subject’s 
performance. The examiner can best learn from experience 
what to note. However, the following suggestions for observa- 
tions in giving the various tests may be of some help : — 

Cube Imitation Test . — Note whether the subject is almost correct 
in the trials in which he is unsuccessful, i.e., whether he fails 
by only one mistake, or whether he seems totally unable to 
grasp the pattern to be reproduced, and simply taps the 
blocks at random. 

Adaptation Board, Manikin . — ^These two tests are so simple as 
to require no special notes generally. With very young 
children or with defectives, however, it is useful to observe 
whether the subject tends merely to play with the pieces of 
the Manikin or whether he attempts to make something with 
it. If the subject is unsuccessful with the Adaptation Board, 
it is well to note whether failure is obviously due to inatten- 
tion while the changes in the position of the board are being 
made. 
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Goddard Formhoard . — Note especially if the subject seems to 
bi‘<'omc' excited when htxrrying. Note also whether he tries 
sonie shapes — especially th(' star and cross — ^in any other 
than the right f)penmgs. 

Proftlc. — If ilui subject fails in this test, it is useful to note the 
cause tjf his failure. To be unsuccessful in fitting together 
the parts of the ear is t)b\aously a much less serious mistake 
than to fail to see that all the pieces make a head. When 
the subject has finished, it is permissible, of course, to ask 
him what the pieces make. 

Healy ('omlriuiiou Test /f, Triangle Test, Diagonal Test, Dear- 
born Fornibourd.— In the.se tests note if the subject tries the 
.-aiiie unsuccessful combination of blocks over and over 
again. .Msu observe if he seems to depend entirely on 
trial and error methods, or on chance. 

Picture Cumpletion Tests I and 11 . — Observe whether the subject 
trii-s piece^ which are absurd in the various openings. If he 
leaves these, pieces as his final placings, it is sometimes 
enlightening to ask him to explain his choices, since they 
are occasionally not so absurd as they seem ; for example, 
till* pumpkin in place of the football {see footnote 2, page 21). 
In Picture Completion II. it sometimes throws light on a 
subject’s method of work to ask him, at the end of the test, 
to put the pieci.'S back in the box in their proper order. 
Some siibji'Cts do this at once in the quickest and easiest 
way ; otlu'rs riimove all sixty of the small pieces from 
the box, and tub* a disproportionately long time over this 
simple task. 

Porteus Mace Test.- -yioXo whether tlie subject repeats the samf^ 
mistake in successive trials with a given maze. Observe 
e.spf‘ciaUy whether he deliberates before starting and seems 
to work with a plan, or whether he works impulsively without 
looking ahead. 

SubstitiUum. — Observe if the subject makes a definite plan of 
procedure, as, for example, filling in aH the triangles, then 
all the circles, and so forth. Although, according to the 
directions, he is not aUowed to follow this plan, it is perhaps 
an evidence of ingenuity to attempt to do so. 

Cube Construction Test . — ^Note whether the subject is penalized 
principally for time or for errors in this test. Such an 
ob.servatioii may indic.<ite whether he is simply slow in doing 
the right thing, or whether he makes a number of false 
starts, and fails to see wliat is the right thing to do. For 
example, in the latter case, he may for some time fail to 
see that the blocks must be piled on top of each other to 
make a two-inch cube like Model 3. 
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C. — Comparison of the Tests with other Estimates of 
Intelligence, and with Tests of Mechanical Ability and 

“ Constructive Ability.” 

In Table C scores in performance tests are compared with 
other estimates of intelligence^, and with results in Stenquist’s 
tests of mechanical ability®, and Kelly’s test of " constructive 
ability.”® The results given in this tabic were all obtained with 
one hundred 13-year old children in elementary schools. 

Table C. 

Comparison of Performance I,QJ$ 
with 

1. Other Estimates of Intelligence. 

2. Tests of Mechanical Ability. 

3. Tests of Constructive Ability. 



Estimates of InteUigmce. 

Tests of Mechanical and Coustructixe Ability. 


Per- 

formance 

I.Q. 

Bmet 

IQ. 

Non- 

Lauguage 

Gioup 

Test. 

Teachers* 

E'^timates 

Stenquist | 

Stenquist 

III. 

Puz7le- 

box. 

KeUy 

Test. 

Average Score — 

Bovs 

•95 

•94 

107- 


54-7 

83-4 

4' 26^ 

96-8 

Girls 

•93 

•97 

— 

— 


70-8 


72-7 

Correlation with Per-- 
formance J.Q.’s 
Boys — 

Fourteen Tests 


•41 

•51* 

‘38 

•29* 

•31 

— -05* 

•06 

tSix Tests 


•55 

— 

«— 

— 

— 

— 


Oirls^ 

Fourteen Tests 

«... 

•49 


•43 


•16 


■21 

$Sxx Tests 


•67 

— 

— 

— 

— 

— 

— 

Correlatvm with Bind 
LQ.^s 

B<ws — 

Fourteen Tests 

•41 


•40* 

•74 





Six Tests 

•55 

— 

— 

— 


««. 

■— 


Girls — 

Fourteen Tests 

•49 

_ 


•73 





Six Tests 

•67 




— 

1 

1 

»«. 


* 30 subjects. In all other cases there are 52 boys and 48 girls. 

t The six: tests for boys were • Substitution, Cube Construction, Picture Completion II, Goddard Fonuboard, 
Diagonal, and Porteus Mazes. 

% The six tests for girls were Substitution, Cube Construction, Cube Imitation, Picture Completion I, Picture 
Completion II, and Pjroiile. 

The fact that the correlations between performance tests and 
the Binet scale, and between performance tests and teacher's 


1 The intelligence tests here referred to are the Stanford revision of the 
Binet scale {see Terman, L. M. The Measurement of Intelligence), and 
Pintner’s Non-language Group Test (see Pintner, R. A Non-Language 
Group Intelligence Test. J. ofApp. Psy., Sept., 1919). In addition to these 
measurements, the teachers of the 13-year old children, estimated each 
child's intelligence and ranked the group. 

® Stenquist, J. L. Measurements of Mechanical Ability. Bureau of 
References, Research and Statistics. Board of Education, New York. 

^ Kelly, T. L. A Constructive Ability Test. /. of Ed. Psy., Jan., 1916. 
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are no higher, can be explained on the grounds that the 
two of fci^ts probably measure different aspects or mani- 

ft'stations of intellig(*ncc*. Coniparativ(dy low correlations were 
afte-r all to be expt^cted ; they are in keeping with the original 
assumption that \'(Tbal and non-verbal tests taken together give 
a nion: comprt'hcmsive view of a subject's mentality than either 
alone. 

Succc‘ss in Stenquist’s t(*sts can be said to depend largely on 
“ mechanical abilit 5 ^" pi'f^bably a sptjcific capacity in part distinct 
from iuielligtmce ; Krlly’s test of '‘constructive ability" is 
apparently cl<i])endent tm originality and perhaps creative imagina- 
tion ; whiU^ success in performance tests depends on general 
inttdligence. The correlations between these three types of non- 
verbal measurements are c<jmparatively low. This result 
emphasizes tlie fact that three such different capacities or abilities 
should not be confus<‘d m<*rely because they aU make use of 
a iion-v<‘rbal method of expression. Performance tests, as 
abov(‘ immtioned, slioukl b<^ tujnsidered as essentially measure- 
inenls of intelligenct*. 


I <lesire to t‘xpn‘ss particularly my thanks to Dr. Cyril Burt, 
Psyclndogist in the liducution Departm<*nt of the London County 
Council, for ids untiring assistance throughout the preparation of 
this wt»rk. 1 should like* also to reex^rd my gratitude to the 
li(lucalii>u C.omnuttee of the London County Council for their 
p<‘rmissit»u t(» carry out flu* ('Xperiments in their schools, and to 
tht‘ various headmast(‘rs and headmistresses who so kindly allowed 
me to work in tlitdr tlepartments, I am also indebted to Miss 
Ltdlice BakiT, who assisted me in giving some of the tests, and to 
the National Institute of Industrial Psychology for lending copies 
of the test materials. 


^ ’feacher's estimates, as well as the Binet scale, in view of a number of 
res<‘an'iies, can be considered as Jiaving a marked linguistic bias. 
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APPENDIX. 

Bibliography. 

The following list of titles probably includes the most 
important books and articles concerning the lines of develop- 
ment of performance tests, their standardization and uses. 

In some cases, however, these tests are mentioned but inci- 
dentally, and it would be misleading to suppose that the articles 
here referred to describe either such numerous or such t*xtensive 
experimental studies of performance tests as are to be found, for 
example, in the literature of the Binet test. 

This list is confined to English and American publications. 
But very little work on tests of this type has, as a matter of fact, 
been undertaken hitherto in other countries. 

The references are classified under three headings, according 
as they give information about — 

(1) The procedure used in performance tests. Articles are 

included here which have to do with the standardization 
of tests or scales, and which furnish intensive studies 
of a specific type of performance test, or of the 
application of performance tests under specific condi- 
tions, as in testing the deaf. 

(2) The theory underlying performance tests. 

(8) Comparative studies in which performance tests are used. 
There are included under this head articles which record 
differences between the sexes and between races, which 
compare results from performance tests with those from 
other tests, with diagnoses of mental diseases, with 
industrial and social ratings, and with estimates of 
personality traits. 

The number or numbers in brackets at the end of each reference 
indicate which of these three aspects is emphasized principally 
by the author of the book or article. 

The following is a key to the abbreviations for various 
periodicals mentioned in the bibliography. 

Avch. of Psy. — ^Archives of Psychology. 

B. J. Psy, — British Journal of Psychology. 

Ed, Psy. Mon. — ^Educational Psychology Monographs. 

/. of Abn. and Soc. Psy. — Journal of Abnormal and Social 
Psychology. 

J. of App. Psy. — Journal of Applied Psychology. 

J.of Delin. — Journal of Delinquency. 

J. of Ed. Psy. — Journal of Educational Psychology. 

/. of Expt. Psy. — Journal of Experimental I^sychology. 

/. of Expi. Pedagogy. — Journal of Experimental Pedagogy. 

Ped. Seminary. — Pedagogical Seminary. 

Psy. Bull. — Psychological BuUetm. 

Psy, Clinic. — ^Psychological Clinic. 

Psy. Mon. — Psychological Monographs. 

Psy. Reu. — ^Psychological Review. 
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PREFACE. 


During the last two years the Industrial Fatigue Research 
Board have paid special attention to the effects of breaking up 
long spells of light repetitive work by short rest-pauses, and in a 
report published last year presented the results of their first 
investigation on the subject.^ This consisted first of a studied 
comparison of output data in certain factories as between the 
period before and the period after the introduction of the rest- 
pause syste\n, and secondly of laboratory experiments in work 
devised to reproduce different types of common industrial tasks. 
The results of both parts of this investigation were positive, 
and although in the laboratory experiments the beneficial effects 
of the rest-pause were more pronounced, there were clear 
indications that under factory conditions also the judicious intro- 
duction of rest -pauses may not only tend to reduce monotony 
and so increase the contentment of the workers, but may also 
often bring about an increase in output amounting to from 
5 to 10 per cent, in spite of the diminulion of working time. 

This conclusion was based mainly on the study of past 
records, and, although it covered a large number of workers, 
it was open to the possible objection inherent in all investigations 
of this type, namely the difficulty of ensuring that other working 
conditions were identical over the periods compared and the 
consequent possibility that the improvement noted was due at 
least partly to other factors. The Board therefore decided 
to continue the investigation in the hope that a more definite 
pronomicement on the effects of rest-pauses might be made, and 
were fortunate in obtaining facilities in certain factories for the 
current observations of workers throughout the working period, 
whereby the necessary allowances could be made for the operation 
of other variables. 

The present Report, which is based on observation of sixteen 
workers in four factories over periods of fifteen weeks, appears 
to have justified this hope. Although the workers studied vv^ere 
few in number, the intensive method of investigation adopted 
has enabled corrections to be introduced for the effects of other 
factors, and the consistency with which in. every instance an 
increase in the rate of working has followed the introduction 
of the system, suggests that similar results may always be 
expected in operations of the kind studied. Further, although 
this increase is not large, it more than suffices as a rule to com- 
pensate for the time actually lost in resting. 

In addition to rest-pauses, other points of practical interest 
are mentioned in the report ; in particular, the marked improve- 
ment resulting in certain instances from modifying the conditions 

^ Two contnbntions to the study of Rest-Pauses in Industry. Report 
JSlo, 25. 
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of work (p, 29), and tho possil)ilities arising from the un- 
conscious similaritv in output trend of neighbouring operatives 
(p. 27). 

In presimting this report, the Hoard think it desirable to re\iew 
the evidence now available^ which strongly suggests that the 
experim<mtal intrudiictiou of rest-pauses, at least for processes 
involving light repc.^titive work, will ha\'c a successful issue. 

Numerous t‘Xperinn‘nts under the controlled conditions of 
the laboratory with work involving mental rather than physical 
effoil havt* usually shovm that the subject responds to the 
rest in such a way that his output increases, often"" by a large 
amount, 'Fliis fact in itself is no more than suggestive, for 
(‘Xp^'ctalions obtained from ih.it laboratory are admittedly often 
not fuliilled when translah^d into Hu; factory. In this instance, 
huwrv<*r, there is no reasonable doubt that in a working spell 
of 4 to 4.1 hours the beneficial eftVets of a short rest-pause 
emerge through tin; many other factors present in industrial 
work, and <’ause a genuine increase in output as well as greater 
comfort and satisfaction for the work(‘rs. I-astly, it appears 
that emplf)ytn's who have luid tlie initiative and foresight to adopt 
the^ pract ice (which significjuitly (‘uougli is far commoner in the 
United States than in this country) seld(*ni discontinued 
it after trial, and it may tiiendon* probably be legitimately 
inferred that it has proverl almost universally successful. It 
coitstitutes, indeed, oiu‘ more instance of liow tlu* right application 
of physiological and psychological principles to industrial 
practice may iKmefit hot li employer and workman, and with the 
large aninuni of c'vident t* in favour of Hk* syshmi already avail- 
able the Hoard {jiul it diihciilt to bcli(‘vo that the numcrous- 
iuduslru's cou<'.ern(‘d with light repf;tili\^t‘ work can long remain 
indifferent to this (obvious and comparatively simple method of 
rtiducing the of production and at tlie same time advancing 
the workers* intiTi'Sts. 

A few w<^rds of caution, however, are perhaps desirable. 
First, as was pointed out in the previous report referred to, 
response to a system of rest-pauses may often not be immediate 
and a period of some months may elapse before the full beneficial! 
effect is apparent ; it follows then that employers should not be 
discouraged by an absence of any immediate difference, but should 
ptTsevere with the experiment for at least three months. 

Secondly, {or tlie ensuring of success it is important to take 
into acc^ount tint position, duration and even the nature of the rest- 
paust\ Some tentative suggestions on these points are made in 
the^ present report, but probably experimental adjustment 
until tlu* best results have obtained is at present the 
shortest m(rthod to aclopt,_ For this purpost* it may bo desirable 
to make use of the services of a s|X!cifil investigator familiar 
wth the subject, such as those now available through the National 
Institute of Industrial Psychology. 

Oclobey, 1925. 
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1. Introduction. 

In iwcMWt years tlu; qw'stion of rest periods for industrial 
workers has been n*ceiviiiff an incnvasing amount of attention. 
In the early part of tlio ninete(*nth century, long hours and 
unbroken spells of work werf^ considen^d necessary for profitable 
prodticiion. Thus Senior,^ in 1837, asserted that profit depended 
upon the last hours of \\wk, and would be dt‘str<?yed if the 
elevenl li , < >r ven the twelfth, hour of work were curtailed. Gradu- 
ally, \ he fallacy of this doctrine became evident, and the 

hours wf>rk w*‘re n'duced in suca*ssive stages with an accom- 
panying iinprov<‘irient in the quantity and quality of output. 

Daring the n c-enl European War, the necossitj' for increased 
production caused a rt‘\-(‘rsion to the longeT hours of work, but 
it was again found- fliat this was a misguided policy, and that 
the output in a 65 hour wwk was often no greater than the output 
in a work of 55 liunrs. Subsequ<‘ut invtcstigations have enabled 
more ovideno* to be collrct«"d on the relation between work and 
rest — a suhjeri whicli nnbiaces a very wide field, since it deals 
with the duration and disiribiitiou of the hours of work, the effect 
of the* wt!( ko*!id break, and holidays. The contents of this report, 
howevi*r, an- lirnif‘‘d Ut the consideration of resl-pauses introduced 
within tile sjudl of work. 

lJri(h‘r existing industrial conditions, the length of the work- 
spell is usually from fimr to live hours. 11 is frc^qinnitly asserted 
that an un{)rokeu sp(‘ll of this duration is detrimental to efficiency, 
because of its adverse idlet'ts upon the worker. Existing evidence 
in this connection is somewhat meagre, and is usually based upon 
the wt‘ekly records of wages or output kept by the firm before 
and after the introduction of tlie pause. Such records fail to 
show the more detailed e&cts of variations in the conditions of 
work, which are often extremely interesting and suggestive. 
The investigations about to be described represent an attempt 
to apply detailed methods of observation to various forms of 
repetition work in wliich rest-pauses have been introduced. 

2. Description of Processes Investigated. 

Facilities for observing womc'n actually at work, and for the 
experimental introduction of rt*.st-paui.H*.s were obtained at three 
factories. A short description of the prf)cesst*s investigated is 
given below. 


X* instance, Fatigue and EUiciency,*' by Josephine Goldmark, 

N.Y., 1912, and Economics of Fatigue and Unrest,’^ by Florence, p. 69. 

* Heport on Industrial Fatigue and Efficiency/* issued by the Health 
of Munition Workers Comnuttee. Cd. 9065. 
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(a) Handkerchief Folding. 

In this investigation observations were made on eight girls 
engaged in the process of folding handkerchiefs in the so-callcd 
oblong style. They were all experienced workers and varied in 
age from 18 to 21 years. When working, the girls stood facing 
each other along the two sides of a long table, the handkerchiefs 
to be folded being placed on the left and the finished work on 
the right of each girl. 

Each worker received 25 dozen handkerchiefs at a time, which, 
when folded, were placed on an adjoining table. She then went 
to the forewoman for a fresh supply, and contimied to work in 
this manner throughout the day. 

The hours of work were from 7.45 to 12.15 in the morning spell, 
with a rest of 10 minutes at 10 a.m., and 1.15 to 5.30 in 
the afternoon spell. The operatives were paid on a piece-rate 
beisis, but a premium of 16 1 per cent, was given on earnings 
between 15s. and 30s., and a premium of 25 per cent, on earnings 
above 30s. 

In this investigation, observations were limiti-d to the after- 
noon spell of work, as the manager wished to try the effect of a 
rest in this spell. 

(b) Hand-Ironing. 

During the course of the investigation on handkerchief 
folding, some observations were made on liand-ironers employed 
in the same room. Results were obtained before and after the 
introduction of the rest-paxise, and relate to four experienced 
workers over a period of four weeks. A gas-heated iron was 
used by the workers in this operation, and the articles ironed 
were the handkerchiefs received from the folders. The workers 
stood at a table while ironing and the task ivppeared to require 
a certain amount of muscular strength and dexterity. The hours 
of work and other conditions were the same as in handkerchief 
folding. 

(c) Stamping Presses. 

The results presented in this section deal with four women 
workers engaged in the process of stamping-out cigarette tin lids. 
Each worker was seated in front of a mechanical press. On her 
left was a supply of tin sheets from each of which two rows of lids 
could be punched. The worker took up a sheet, placed one comer 
of it over a die in the press, and then pressed a lever vdth her 
right foot. This movement operated the stamping and cutting 
mechanism in the press ; the lid was cut from lie sheet, and 
removed mechanically to a box. The adjoining part of the sheet 
was now placed in position on the die, and the cycle of movements 
again repeated. In this maimer 12 lids were punched from 
each strip, and the remnants of the sheet were placed in a box 
on the right of the worker. The process accordingly involved a 
considerable amount of manipulative dexterity, spatial judgment, 
and muscular endurance. 
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All the workers observed had been employed on this process 
for several years, and were fully experienced. Their ages seemed 
to lie between 20 and 30 years, and they were paid on a piece-rate 
basis. The hours of work were from 8 a.m. to 1 p.m. and from 
2 p.m. to 6 p.m., witli tin; excfption of Friday, when work ceased 
at 5 p.m. On Saturdays the operatives worked from 8 a.m. 
till noon. 

3. Effects of Rest-Pauses. 

(a) On Output, 

Hmtdkerchief folding, — Each operative was first observed for 
three weeks wlum continuously employed on the same kind of 
folri throughout the .sp(‘ll. She was th(*n observed for a similar 
period in which a rest of 10 minutes was given from 3.30 to 3.40. 
iu^ fhis prot'i'ss, tlu* wt»rkt‘r first completed a dozen handker- 
cixi»‘fs whu'h slit* placed immediately in front of her, before trans- 
ferring them to the pile of finislied work on her right. The time 
taken to fold a dozen was accordingly chosen as the unit for 
statistical purposes, and this method of procedure enabled 
four operatives to be observed at the same time. The results 
obtained in eac.h of these tw^o exixcrimental series are given in 
Table I and Fig. 1. 

Hand'll roning,--\n ord(T to compare the rate of working 
before and after the introduction of the pause, the time taken to 
iron a (l<)z<'n handkerchiefs (oblong style) was noted as frequently 
as possible througliout each afhrnoon spell. These times were 
occasionally prolongf‘(i be<Mtise the operatives found it necessary 
to damp the handkerchiefs beforcj ironing. I'hc results obtained 
were therefore corrct'ted so as to show the rate of working 'when 
the r(‘sults afftotecl by damping are excluded (Table 11). 


ialfie Time (in seconds) taken to Iron 12 Hand- 

kircniejs iiarin^ each half-hour if the spell in the Contimmis and 
Resi'Paiise Series, {Avcnuie taken over txeo veeks in each series.) 


Worker. 

1 

2 

Continuous Series. 

3 4 5 

6 

7 

8 

Avg. 

A . . 

.. 87 ‘7 

86*7 

81*1 

83*9 

84*5 

82*3 

84*9 

84*6 

84% 

B . . 

.. 82-0 

82*0 

79*7 

81*3 

78*4 

80*3 

77*6 

79*9 

80*2 

0 • . 

. . 80*6 

85*3 

87*7 

81*8 

80*8 

77*8 

77*3 

79*6 

81*4 

D , . 

. . 87*7 

89*6 

84-3 

87*4 

84*9 

86*5 

86*4 

82*5 

86*2 

Avg, 

. . 84*5 

85*9 

83*2 

83*6 

82*1 

81*7 

81*5 

81*6 

83*0 

A .. 

.. 78*0 

81*3 

Kost-pause Scries. 
ai-1 81-7 82-0 

79*2 

81*3 

77*6 

80*4 

B . . 

. . 78*2 

77*4 

73*7 

74*1 

72*9 

72*1 

73*4 

73*2 

74*4 

C . . 

. . 80*9 

79*3 

7H*8 

73*0 

72*5 

74*1 

75*1 

74*5 

75*8 

n . . 

. , 88 *8 

83 *3 

82*7 

81*3 

80*8 

87*0 

85*7 

78*3 

82*9 

Avg. 

. . 80*8 

80*3 

78*6 

77*5 

77*0 

78*1 

78*9 

76*0 

78*3 


During the first 10 minutes of the spell, the workers were 
irons to become heated, consequently observations 
on the rate of working were begun at 1.30, 
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In the rest-pause series, a pause of 10 minutes was given from 
3.30 to 3.40, hence the results in the fifth period are based upon 
observations made from 3.40 to 4.0. 

The above results are also represented in Fig. 2. 



COWTI’HUCUS SERII*' — 
RESrr PfeUSE - 


Figure 2. — Comparison of Average Times in Handkerchief- Iromug in the 
Coniimtous and Rest-Pause Senes. (The time scale reads downwards so as to 
represent rate of working.) 


Stamping Presses . — In this experimental series, pauses of 
10 minutes were introduced at 11 a.m. and 4 p.m., and observa- 
tions were made under these conditions for a period of three 
weeks. The results obtained have been compared with those 
recorded in the preceding continuous series of equal length. 

In this investigation the number of sheets completed by each 
worker was noted every half-hour, and the averages so obtained 
are given in Table III. The average duration of stoppages (in 
minutes) for each half-hour is also given, and from these values 
the nett rate of working has been calculated. 

( 17117 ) 



8 


Table III . — Showing Average Sumhev of Strips Completed, Duration 
of Stoppages in minutes, and Rate of Working calculated from the 
oiilpiil and actual time xuorked in each half-hour of the spell. 
{Continuous and Rest-Pause Series.^ 


Continuous Series. 


Morning Spell. 


Period. * 1 2 1 3 

i - 

4 

5 

6 

7 

8' 

9 

Avg. 

’ 1 

Output j «6-5 I 77-5 ; T.i-7 

81*8 

78-2 

78*7 

79*7 

85-8 

82*5 

78*3 

Stoppage;' 6-2 \ 3-5 | 5-3 

4-3 

4-7 

4-4 

4-5 

2*5 

2*7 

4*2 

N-.'f K,it" : S3-5 ! 87-7 ! 894 

95-5 

; 92-8 

92*2 

1 

93*9 

93-6 

90*7 

91*0 


Afternoon Spell. 


' i I 

Output ' 75'9 ; 794 77-0 

81*7 

78*1 

79*3 

78*4 

— 

— 

1 ^ i 

Stoppages 3*9 : 4*6 i 4*8 

3-7 

5*0 

4*4 

4*0 

*— 


Nat K.Ur ' 90-7 ; 93-8 ; 91-7 

nfwixl.iutr.'' , 1 

93-2 1 

1 93*6 

92*9 

90*5 

1 

— 


Rest-pau&e Series. 


Morning Spell. 


Output 

' 1 

76*9 78*1 i 83*4 ; 84*7 

77*7 

1 

/3*1 

92*0 

88*6 

82*6 

81*9 

Stoppages} 3*5 3-6 : 2*9 j 4*7 

6*1 

6*8 

2*7 

3*6 

4*0 

4*2 

-Vrtt Rato 
of wu» Kin 4. 

874 ■ 88-8 , 92-3 !1004 

! 1 

97*6 

94*6 

lOM 

100*7 

95*3 

95*2 

Afternoon Spell. 

Output 

1 ; 

80-2 i 824 1 80-7 75-9 

82*4 

82*3 

80-0 

— 

■ — 

80*6 

Stoppages 

1 1 

44 ' 3-8 4-2 1 4-8 

4*1 

4.. 

4.4 

— 

— 

4*2 

X»ll Hat»‘ 
nf wi Kill 4. 

92-9 944 ^ 93-9 904 

j 

95*5 

954 

93-8 

— 

— 

93*7 


^ The number of days available for comparative purposes were 7 for 
operatives A and B an<i B for operatives C and D, 

The results ol>taiiu‘d in tlie last period of the morning and afternoon 
sped Is have been omitted from the above table as the time worked in each 
period was only 10 or 15 mintii-e?. ^ 

iu save space, the t.t.i .nj.-d ;i\)m each worker have not been 

given separately m the alh Tab.t* Tnev are, however, similar in form 
and consistency to those prest^nted iu Tables I and IX. 
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Since the number and duration of enforced r(‘sts varied 
on different days in the two experimental series, it was 
necessary to select days from the rest-pause series on which the 
distribution and duration of stoppages were similar to those 
of the previous series. This procedure, of course, reduces the 
number of days available for comparative purposes, but increases 
the accuracj^ of the results. The results are presented in 
Table III and Fig. 3. 



SPELL PM.SPELU 

Figure 3 . — Average Neit Rate of WorJdng in the Siamping-Press Opoaiion in 
each half-hviiY of the spell. (Continuous and Resi-Patm Series ) 


A comparison of the results obtained in the three processes 
shows that the introduction of the rest-pause causes in each 
case a distinct increase in the rate of working. In handkerchief 
folding the average for all the workers showed an increase of aboiit 
5 per cent, and varied from 6-5 per cent, in the case of worker E 
to 2* 7 per cent, for worker F. In handkerchief ironing the increase 
in the rest-pause series amounted to 5 • 1, 7 • 8, 7 • 4 and 4 • 0 per cent, 
respectively for the four operatives, whilst in stamping presses the 
introduction of two authorised and expected rests caused an 
appreciable increase in the rate of working during the morning 
spell, and had a less effect in the afternoon spell (4-6 and 
2 - 3 per cent, respectively). These results are very consistent and 
are strikingly confirmatory of those already obtained by previous 
investigators. 

In an American inquiry,^ for instance, it was found that, 
with one exception, the introduction of rest-pauses was always 
accompanied by an increased hourly output. Somewhat similar 

1 “ Rest Periods for Industrial Workers." Research Report Ko. 13 
of the National Industrial Conference Board. 

B3 
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results were obtained in two large American metal-working estab- 
lishments.* In this country, also, Vernon^ and Bedford found 
that the general effects of rests was to cause an increase in 
hourly output, and his results are supported by the investigations 
of Farmer® and May Smith.* 

The increase in hourly output produced by the introduction 
of rests has been effected by an actual increase in the rate of 
working, due to the stimulating and recuperative effects of the 
rest, and also by a reduction in the number and length of 
spontaneous rests. Farmer,® also, in 1921, published an account 
of an experiment \wth a worker engaged in metal polishing. 
She was first observed for three days under normal conditions, 
when she took rests as required, and then for another three days, 
when organised rests of 5 minut(.‘s in each hour were allowed. 
In the second period, the average time required to complete an 
article was reduced by 3-6 per cent., and she worked more 
consistently throughout the day. In 1922, May Smith® gave an 
account of a special study of a hand-ironer in a laundry. The 
average time taken to iron one shirt was noted in a period without 
rests, and afterwards when a 15 minutes rest was given at 10 a.m. 
The results obtained showed a distinct reduction in the time 
taken during the period with rests. 

Laboratory investigation has also shown that the increase 
m output obtained when rests are Introduced is partly due to an 
increase in the rate of working.'* In these experiments voluntary 
pauses were not allowed in the period of work without rests. 

Rest-pauses arc obviously most satisfactory when they not 
only increase the hourly rate of production, but also have a 
favourable effect mi t<ital output. In the present investigation, 
tile rates of working ob.st‘r\'ed arc equivalent to an increase in 
total output of 2-3 jkt cent, in handkerchief folding, 1 -6 per cent, 
in handkerchief ironing, and 0-7 per cent, in the morning spell of 
the stamping process. In the latter operation, however, the 
output in the afternoon spell is decreased by 2-7 per cent. 

The advantageous effects of a rest in the stamping process 
were considerably reduced because of the occurrence of numerous 
enforced stoppages, of a mechanical nature. These amounted, 
on the average, to a total of 88 -2 minutes in a dav of nine hours. 
Such stoppages wiTe very discoura^g to the workers, and the 
prosjiects of a further deemase in working-time due to the 
authorist'd rests failed to evoke the enthusiasm noticeable in 
the otlu'r pnicessos investigated. Rest -pauses are most beneficial 
whenjntroduced into six.‘lls of fairly continuous activity ; when 

^ American Public Health Bulletin No. 106. 

* Keport No. 25 of the Industrial Fatigue Itesearch Board. 

* Report No. 15 of the Industrial Fatigue Research Board. 

* Report No, 22 of the Industrial Fatigue Research Board. 

* Ibid., p. 54. 

* Report No, 22 of the Industrial Fatigue Research Board, pp. 19-22. 

’ See, for mstance. Appendix I, p. 64 of this Report. 
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added to numerous existing stoppage's th<dr effects are less satis- 
factory. Even in tliis proc<‘SS, however, the Ixmefits wer(‘ 
distinctly positive in the long morning spell, but the increased 
rate of working due to the rest in the shorter afternoon spell was 
insufficient to overcome the amount of productive time lost by 
the rest. 

Of 89 American employers reported to have tried regular rest 
periods, in only one instance was it stated that tliey had led to a 
decrease in total output.^ Farmer^ also, as a result of the intro- 
duction of rest-pauses of 7 minutes’ duration about the middle* 
of the morning and afternoon spells of work, obtained an increast^ 
in output of 5*47 per cent., despite a reduction in working-time 
of nearly 3 per cent. Similar results have; k^en obtained by Vei non,^ 
who found that the general effect of rests was to indiuui a sliglit 
but genuine improvement in output in almo>t all tlie instan(:c\s 
investigated, amounting in three cases to 10 per cent. In only 
one case was there a definite reduction in output (about 3 per cemt.) . 

Suitable rests not only tend to increase output, but have 
also a favourable effect upon the quality fjf work. Since, 
however, the quantitative effects are much easier to measure, 
the effect upon quality has seldom been detenmined, but is, 
nevertheless, important. In the American inquiry/^ it was found 
that in a printing establishment the work done in the last hour 
of the day was of little value. After the introduction of a 
10 minutes’ rest period in the forenoon and afternoon, a marked 
increase in accuracy ^was observed. 

Incidentally, it may be noted that in the handkerchief 
ironing investigation, the effects of damping were less marked 
towards the end of the spell in the continuous series. Since 
the necessity for damping was equally distributed throughout the 
spell, it would appear that the operatives were less particular 
about the quality of the work as the end of the spell approached. 
Since in the rest-pause seri(‘s this effect did not occur, the rest 
appeared to have a favourable effect upon the quality as well 
as on the quantity of work done. 

In future investigations on the effects of rests, the question 
of quality should be considered as well as the effect on quantity. 

A second characteristic common to all these investigations 
is the fact that the increase in output is not wholly an after-effect 
of the pause, but is also noticeable in the period prior to the 
rest. In handkerchief folding the percentage increase after the 
pause is 6-8, and is exactly half that amount in the period 
preceding the rest. Similarly, in handkerchief ironing, the 
average increase in the rate of working in the periods preceding 
and following the rest is 6*8 and 5-2 per cent., and in stamping 
presses, 3*7 and 6-8 per cent. 

^ “ Rest Periods for Industrial Workers,"' op. cit. pp. 19-20. 

^ J. Nat. Inst. Indust. Psy. Vol. 1, No. 3 

® Report No. 25 of the Industrial Fatigue Research Board. 

4 “ Rest Periods for Industrial Workers, " op. cit. p. 24. 

B4 
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The most probable explanation of these features of the 
results is threefold. In the first place, the introduction of the 
rest stimulated the operatives to greater activity because they 
thought that the loss of time due to the rest might otherwise result 
in a smaller total output and a consequent decrease in the 
amount earned. The effect of this conscious element was 
particularly reflected in the higher rate of working at the 
beginning of the spell, followed by the more leisurely rate as 
the time for rest approached. This incentive seemed to continue 
throughout the spell, but its effect decreased as the operatives 
realised that they would be able to equal their former output in 
■ spite of the time lost. Statements made by the operatives in 
r<;sponse to questions showed that this belief imdoubtedly existed 
and a£iectt:d their rate of working in the manner described. 

Si.'oondly, the re.st created a more buoyant attitude towards 
the work, and enabled the task to be performed with greater 
intere.st and ease. The operatives were unanimous in their 
appreciation of the rest, and often volunteered such remarks as, 
“ It mak(.‘S the afternoon seem shorter,” “ The work is not so 
depressing," and " I feel less tired at the end of work.” The 
decrease in the rate of working observed in the continuous series 
wa.s partly due to the effects of monotony created by the unvaried 
activity— -effects which wftre reduced by the anticipation and 
realisation of the re.st. 

fhirdly, the rest had a distinctly reepperative effect of a 
physiological natiin*. A partial recovery of the fatigued 
iiM'chanisms took place during tlu; pause, and the greater increase 
in the ratti of working after the rest was largely due to this cause. 

Tin; re,sulf.s of other recent investigations have shown that 
the beneficial effects of a rest are not limited to the period 
following the rest, but that in many cases favourable results 
are evident prior to the pause. This feature is particularly 
noticeable in laboratory experiments,^ where the work is usually 
much more intensive than under industrial conditions. The 
experiments on link assembling, for instance, described on p. 34 
show that the increase in output in the period following the rest 
was 5-3 per cent., while in the period prior to the rest there 
was an increase of 4'0 per cent. 

The above considerations indicate that the expectation of a 
prolonged period of continuous work impairs the motive forces 

‘cf. Graf: "01)1^ Lohnundste Arbeitspaiisen bei geistigor Arbeit.” 
Psy. ArbetkH. Yoh YU, No, 4. o o 

M<iy Smith : Koport No. 22 of the Industrial Fatigue Hesearch Board, 
p. It?. 

A * i, " der Willenspannung auf das fortlaufende 

Addieren." Psy. ArbeiUfi. Vol. VII. No. 3 p. 483! 

T of satisfyingness.” 

J. Applied Psy. Vol. I. 1917. pp. 265-7. ® 
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underlying activity, so that the rate of working is retarded. 
A prospective rest acts as an additional incentive to activity, 
and tends to produce an increase in output prior to the rest. 

Another subjective effect connected with the introduction of 
rest-pauses is the time required for complete adaptation to the 
modified conditions. The introduction of rests may fail to 
evoke an immediate response, but a gradual process of adaptation 
usually causes a slow but progressive increase in output. 

Vernon and Bedford/ for instance, observed that the effects 
of rests are* often not noticeable at once, and in some cases 
several months are necessary before complete adaptation to the 
changed conditions takes place. In this respect, the introduction 
of rests has effects which are analogous to the influence of 
reduced hours ot work, with the exception that in the latter case 
the time required for complete adaptation is longer. If, therefore, 
it is desired to obtain reliable infonnation on the effects of 
authorised rests, it is necessary to continue the experiment for 
several weeks, and not be discouraged by the immediate* and 
possibly relatively unfavourable results. 

In this connection it may be mentioned that three months 
after the introduction of the rest-pauses into handkerchief folding, 
observations were again made for five days on operatives A, B, C, 
and D. The results showed that the increase in the rate of 
working, due to the rest, was fully maintained after this lapse 
of time. (The actual increase was 4*9 per cent., as compared 
with 4*5 per cent, in the earlier rest-pause series.) The beneficial 
effects of the rest appear, therefore, to be pennanent, as a period 
of three months is sufficiently long for adaptation to take place. 
In this latter scries, as compared with the earlier observations, 
there was a slight decrease in the rate of working in the period 
preceding the pause, but a relatively greater increase when 
work was renewed after the rest. This difference is presumably 
due to the decreasing influence of the first factor previously 
mentioned (p. 12), as the workers become increasingly familiar 
with the modified conditions of work. The expenditure of less 
effort in the period prior to the rest will accordingly enable the 
subsequent recuperative effects of the pause to assume greater 
prominence. 

(b) Effect of Rest-Pauses on Fluctuations in the Rate of Working,^ 

Another method of testing the effects of rest-pauses is connected 
with the fluctuations in the rate of working of the operatives as 
work proceeds. This test has been carried out in the case of hand- 
kerchief folding, when it was found that fluctuations in the time 
taken to fold consecutive dozens were usually least in the second 
hour of work and afterwards increased until work ceased. The 

^ Report No. 25 of the Industrial Fatigue Research Board. 

2 For further evidence of this effect, see Appendix II, p. 38. 







actual nature and extent of the variations observed are shown 
in Fig. 4, which represent the results obtained in a fairly typical 
spell of work. 

It is evident that the conditions of work under considera- 
tion, which, obiectively, remain approximately the same 
throughout the spell, bring about important variations in 
the working activity of the operatives. The adverse influences 
of continued activity under the conditions described are shown 
not only in the reduced rate of working, but also in increased 
fluctuationi^in the time taken to repeat the same cycle of move- 
ments as the end of the spell is approached. It is interesting to 
note that the fluctuations are usually least when the rate of 
working is at a maximum, and, in general, increase as the rate 
of working is reduced. In previous investigations of a similar 
nature, either the rate of working or output has usually been used 
as a measure of the effect of particular conditions upon working 
capacity, but it is evident that fluctuations in the rate of working 
may also be used for the same purpose. In repetitive work of the 
kind under consideration, the operatives are apparently able to 
maintain a fairly high and uniform rate of working in the early 
stages of the spell, when the inhibiting effects of monotony and 
fatigue are non-existent or comparatively slight. The movements 
are performed with dexterity and ease, and the task appears to 
receive almost the whole of the worker’s attention. Sooner or later, 
however, the rate of working begins to decrease and the time 
taken to complete consecutive cycles becomes more irregular. If 
the inhibiting processes were confined solely to the muscular 
mechanisms involved in the performance of the task, we should 
expect to find a fairly steady decrease in the rate of working 
as the activity is continued. The increasing irregularity of 
the results observed, however, suggests that the inhibiting pro- 
cesses have a more central origin, and weaken the attentive 
powers necessary for the efficient performance of the task. This 
belief receives support from observations on the behaviour 
of the operatives, which indicate an increased desire to talk or to 
seek a change of activity as work proceeds. In future investiga- 
tions, the effect of conditions of work upon the working capacity 
of operatives will be shown more clearly and completely if the 
detailed fluctuations in the rate of working are given in addition 
to the hourly or half-hourly variations in output. 

After the introduction of the rest-pause, it was apparent 
that the variations in the rate of working throughout the spell 
were much less than in the continuous series. In order to 
ascertain the extent of this difference, use was made of the 
differences in the time taken to fold consecutive dozens through- 
out the spell. If the average of such differences is obtained for 
each quarter-hour of the speU, we obtain an indication of the 
variations in the rate of working at different stages in the spell 
of work. This method of procedure has accordingly been 



adopted, and the results obtained are given in Table IV and Fig. 5. 
They refer to the activities of workers A, B, C and D, when engaged 
on the same kind of fold and represent the average of the results 
obtained from each worker on five days for the continuous and 
rest-pause series. 

Table IV. — Average Differences {without regard to sign) in time 
taken to fold consecutive dozens. 


Continuous Series, 


i-hour period . , 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Avg. Differences . 

19*7 

17-8 

16*3 

15-6 

16-8 

15*4 

14-0 

15'1 

13-5 

J-hour period . . 

10 

11 

12 

14 

14 

15 

16 

17 

Avg. 

Avg. Differences . 

12*8 

14-3 16-4 18*7 

Rest-pause Series. 

19-0 

21-5 

19-2 

22-2 

17-0 

J-hour period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Avg. Differences . 

14*0 

13*3 

14*0 

131 

14*5 

13'8 

14-3 

15*5 

18*4 

i-honr period . . 

10 

11 

12 

13 

14 

15 

16 

17 

Avg. 

Avg. Differences . 

— 

17*9 

15-3 

14-0 

13-1 

13-7 

16*5 

23*2 

15*3 



Figure 5, — Average Differences [without regard to sign) in time taken to fold 
consecutive dozens^ 

The results show that the rest has a considerable influence 
upon the variations in the rate of working at different stages of 
activity within the spell. The variability in the rest-pause 
series is not only less than in the continuous series, (an average 
of 15*3 compared with 17*0) but follows a very different course. 
In the rest-pause series it is least in the early part of the spell, 




and increases in a fairly regular manner until the pause. When 
work is resumed it is still high, but decreases rapidly to a 
minimum and afterwards rises more rapidly until work ceases. 
Thus, when the rest is introduced, the workers not only maintain 
a higher rate of working throughout the spell, but also work 
more consistently and with greater uniformity. As in the case of 
the rate of working, a greater consistency is noticeable in the 
period prior to the rest. 

The above results provide additional evidence in support 
of the belief that the beneficial effects of a rest are not only 
due to the partial elimination or neutralisation of the fatigue 
products produced by activity, but are also associated with the 
creation of a more favourable attitude towards the task. 

(c) Effect of Rest-Pauses on Productive Time, 

The introduction of rest-pauses may also have an appreciable 
effect on the amount of time lost within the spell of work. In the 
course of the investigation into handkerchief folding, every 
stoppage or interruption to activity was carefully noted, and the 
results obtained are given in Table V. 


Table V. — Average amount of time lost {in seconds) due to different 
causes in the afternoon spell of hours {Continuous Series). 


Worker. 

Start- 

ing 

Work. 

Stop- 

ping 

Work. 

Chang- 

ing 

over. 

Talk- 

ing. 

Absent. 

Mis- 

cellane- 

ous. 

Total. 

A 

114 

179 

813 

128 

175 

149 

1,558 

B 

142 

184 

721 

82 

63 

234 

1,426 

C 

168 

103 

780 

8 

56 

103 

1,218 

D 

158 

135 

857 

44 

90 

122 

1,406 

E 

173 

149 

1,044 

61 

81 

252 

1,760 

F 

217 

166 

1,088 

18 

29 

179 

1,697 

G 

176 

233 

1,024 

86 

44 

249 

1,812 

H 

211 

170 

909 

22 

23 

195 

1,530 

Average 

170 

165 

905 

56 

70 

185 

1,551 


Thus the amount of time lost in the afternoon spell was 
approximately 26 minutes, that is, the actual folding operation was 
interrupted to this extent in the spell of 4^ hours. A little less 
than 3 minutes was lost in starting work, and about the same 
time at the end of the speU. By far the greatest amount (15 
minutes) was lost in the process of removing finished work and 
obtaining other handkerchiefs on the completion of every twenty- 
five dozen. Talking and being away from the bench were 
responsible for another 2 minutes, and various interruptions, such 
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as speaking to the forewoman, trouble with the folding board, 
getting additional handkerchiefs to replace those which were 
defective, etc., accounted for an additional 3 minutes. 

Most of the stoppages are accordingly avoidable, or at least 
would not occur if the conditions of work were slightly re- 
arranged. By insisting on promptness in starting and stopping 
work*, and arranging for a more speedy removal and renewal of 
supplies, the output of each operative for the afternoon could be 
increased by approximately nine dozen handkerchiefs, or 
9 per cent. 

The average number of stoppages in the spell of 4^ hours 
was 15, indicating that the folding process resembles other 
repetitive handwork processes in being by no means truly 
continuous. 

The effect of talking is not adequately represented in the 
above table, which gives only the actual stoppages due to 
talking. As a rule the operatives carried on an intermittent 
conversation while folding, and it was noticeable that in such 
cases the folding times were considerably increased. The effect 
of talking upon the rate of working is shown to some extent 
in Fig. 6, which is based upon the observations made upon 
workers E, F, G and H over a period of two weeks. The con- 
tinuous line represents the actual rate of working observed 
(including the occasions when talking was in progress), and the 
broken line gives the rate of working excluding all times affected 
by talking. 



quarter-hour perjobs 

Figure G.-^-Compamojiof Average Time %n seconds taken to fold 12 handkerchiefs 
171 each quarter-hour of the spell with and without conversationcd accompaniment. 


Thus talking has a considerable effect upon the rate of 
working, and the effect increases as work proceeds. The working 
position of the operatives is conducive to conversation, and 
p the afternoon advances the inclination to talk apparently 
increases, presumably because of the somewhat monotonous 




nature of the task. Though the rate of working might be increased 
if the facilities for conversations were reduced, the task would 
be rendered more monotonous, and the operatives would find the 
folding less congenial. 

In order to ascertain the effect of the pause upon the duration 
of stoppages within the spell of work, the results obtained in 
the rest-pause series have been subjected to the same method of 
treatment as those of the continuous series (Table V) and the 
averages obtained are given in Table VI. 


Table VI. — Average amount of time lost {in seconds) due to different 
causes in the afternoon spell of 4J hours {Rest-pause series). 


Worker. 

Start- 

ing 

work. 

Stop- 

ping 

Work. 

Chang- 

ing 

Over. 

Talk- 

ing. 

Absent. 

Mis- 

cellane- 

ous. 

Total. 

A 

15 

88 

980 

59 

163 

156 

1,461 

B 

15 

129 

762 

41 

53 

164 

1,164 

C 

92 

130 

756 

42 

50 

94 

1,164 

D 

74 

147 ! 

818 

25 1 

64 

104 

1,232 

E 

100 

117 

826 

61 

82 

222 

1,408 

F 

156 

104 

939 

47 

71 

192 

1,509 

G 

50 

139 

832 

53 

69 

222 

1,365 

H 

105 

155 

728 

86 

59 

254 

1,387 

Average 

76 

126 

830 

52 

76 

176 

1,336 


Thus the introduction of the pause has an appreciable effect 
upon the amount of time lost within the spell of work. The 
average decrease during the rest-pause series .amounts to 14 per 
cent., the improvement being due almost entirely to a greater 
promptness in starting and stopping work and changing over. 

4. Other Results Observed. 

The close observation required for studying the effects of 
the rest-pauses has elucidated several other points of interest. 

(a) General Characteristics of the Work-Curves. 

Handkerchief folding.— -Considering the spells of work when 
the activities were continuous, the results show that, with the 
exception of worker C, there is a marked decrease in the rate of 
working during the latter half of the spell. (Fig. l, p. 5.) In the 
case of workers E, F, G and H, the rate of working continues 
to decrease throughout the entire spell ; the difference in output 
between the first and last hour of work for worker G is approxi- 
mately 25 per cent. The decrease in question illustrates the 
large variations in working activity which are to be found in 
repetitive hand-work of the type under consideration. 

Handkerchief ironing. — In complete contrast with h^dkerchief 
folding, the general tendency for the rate of working in the 
continuous series is to increase throughout the spell. (Fig. 2.) 



Are we to infer from this that operatives, manipulating an iron 
continuously for a period of four hours and exposed during that 
time to a temperature of approximately 80° F. are entirely 
unaffected by fatigue or other factors which act adversely upon 
working capacity ? It seems unreasonable to expect that such 
immunity is possible, yet the rate of working actually continues 
to increase as work proceeds. 

A partial explanation of this phenomenon is probably to be 
found in a consideration of the type of work performed. Ironing 
is essentially light muscular work involving fairly regular cycles 
of activity and comparative rest. The movements are also 
repeated in a fairly rhythmical manner throughout the spell. 

It is generally agreed that a suitable rhythmical alternation of 
light muscular effort and rest will enable the movements to be 
continued for long periods of time without any diminution in the 
amount of work done. The beating heart, a slow ra.te of walking, 
and ergographic results are examples of such conditions. Hand 
ironing also appears to be a process of the same t37pe, and its 
rhythmical nature, together with the distribution of effort and 
comparative rest involved, enable it to be performed with slightly 
increasing efhciency throughout the spell. 

An alternative assumption would be that the activity is _ 
fatiguing, but that the fatigue is reflected in the quality of < the 
work performed ; in other words the time taken to iron a dozen 
handkerchiefs might remain approximately the same throughout 
the speU, but the ironing might be done less thoroughly, with 
fewer movements, as work proceeded and fatigue increased. 
This possibility receives some support from the fact that less 
time is spent in damping as the end of the spell approaches. 
(See page 11). 

Stamping presses. — The records of output obtained at corre- 
sponding times dtiring each half-hour of the working day 
(continuous series) have been combined and averaged, and are 
given, together with the duration of stoppages and rate of working, 
in Table VII and Fig. 7. 

Table VII. — Showing average number of strips completed, duration 
of stoppages in minutes, and rate of working calculated from the 
output and actual time worked in each half-hour of the spell 
{averages taken over three weeks.) 

Morning Spell. 

123456789 10 Avg. 

Output .. .. 72*4 79*5 80*6 83-8 84*6 82*9 83*5 82-1 67*3 38-3 75*5 

Stoppages .. 4*1 3*0 3*2 3*9 2*7 3*0 3*3 3*4 7-7 15*9 5*0 

Rateofworlcmg,. 83*9 $8*3 90*2 96*3 93*0 92*1 93*8 92*6 90*5 81*5 90*6 

Afternoon SpeU, 

Output .. .. 79*4 78*7 76*7 79*9 85*1 84*0 74*0 60*5 — — 77*3 

Stoppages .. 3*6 5*0 5*1 4*3 2*6 3*2 5*3 8*9 — — 4*8 

Hate of working. . 90*2 94*4 92*4 93*3 93*2 94*0 89*9 86*0 — — 92*0 

Note. — This Table difiers slightly from Table III because it is based 
upon all the results obtained during the scheduled working time over a 
period of three weeks, c.f. footnote p. 8. 
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Figure 7 — Average Rate of Working in each half-hour of the spell in the 
Stamping -Press Operation. 


The rate of working is calculated from the average output 
and the actual time worked during each half-hour. Friday’s 
results are not included because of the shorter duration of the 
working day. 

The results show that the rate of working is slightly higher 
in the afternoon than in the morning spell of work, in spite 
of the fact that the operatives had already been at work for 
five hours in the morning. It would accordingly appear that 
the long morning spell does not give rise to any appreciable 
degree of fatigue. The rate of working during this spell may, 
however, be adversely affected by the mental attitude created 
by the prospects of a long day of uninteresting and a,pparently 
monotonous activity. Even on the days when the morning 
stoppages are shorter and less numerous, the afternoon rate of 
working is stiU not inferior to that of the morning spell, as 
Table VIII shows. 


Table VIII. — Average Number of Strips Completed,, Duration of 
Stoppages in minutes, and Rate of Working calculated from the 
output and actual time worked during each half-hour on days when 
morning stoppages were shorter and less numerous than usual. 


Output. 

Stoppages. 

Rate of Working. 

a.m. 

p.m. 

a.m. 

p.m. 

a.m. 

p.m. 

78-3 

764 

34 

4*5 

88-3 

89*0 


Thus the lower rate of working in the morning spell supports 
the belief that the conditions of work have a damping effect 
upon the inclination to work, especially in the early part of 
the day. 




The results also show that, in spite of the numerous and 
lengthy stoppages, the rate of working in the long morning spell 
is somewhat variable, and tends to decrease about the middle 
and towards the end of the speU. In the afternoon spell, the 
variations in the rate of working are much less. These featmres 
of the results give additional support to the views already 
expressed, and it would appear that the greater efficiency and 
uniformity observed in the afternoon spell are due to the desire 
to make up for lost time and the fact that the afternoon spell 
is shorter and represents the last lap in the day’s work. 

The rate of working of the operatives is certainly affected 
by the unusually large number and duration of enforced stoppages, 
and tends to be higher, especially in the latter part of the spell 
of work, than would be the case if the activities performed were 
more continuous. In order to obtain some information on this 
point, the results obtained on days when the total duration of 
stoppages was comparatively small have been compared with 
those on days of longer and more numerous stoppages, and 
are given in Table IX. When the total duration of stoppages 
on any day was greater than 80 minutes, it was considered to be 
a day of many stoppages ; when less than 80 minutes, it was 
taken as a day of fewer stoppages. This division enabled the 
same number of days (six) for each worker to be included in 
each class 

Table IX. — Comparison of Average Number of Strips Completed, 
Duration of Stoppages in minutes, and Rate of Working calculated 
from the output and actual time worked in each half-hour of the spell 
on days of many and fewer stoppages. {Stamping Presses.) 

Days of many stoppages : — 

Morning Spell, 


1 

2 

3 

4 

5 6 

7 

8 

9 

10 

Avg. 

Output . , . . 68*6 

73*2 

74*3 

81*5 

85*8 85*1 

88*0 

78*7 

67*3 

36*8 

73*9 

Stoppages . , 5*8 

5*3 

5*5 

5*2 

2*9 3*3 

2*8 

4*7 

8*7 

17*1 

6*1 

Rate of working , . 85 *0 

88*9 

91*0 

98*6 

95*0 95*6 

97*1 

93*3 

94*8 

85*6 

92*8 



Afternoon SpeU. 






Output 77*8 

78*2 

74*6 

72*3 

84*5 81*9 

67*4 

57*2 

— 


74*3 

Stoppages . . 4-5 

4*5 

5*9 

6*8 

3*5 4*1 

7*9 

10*2 



5*9 

Rate of working . . 91 *4 

92-0 

92*8 

93*5 

95*7 94*9 

91*5 

86*7 

— 

— 

92*5 

Days of fewer stoppages 

- 










Morning Spell. 






Output . . . . 73*5 

82*4 

83*1 

84*6 

85-3 81-0 

79*8 

85*7 

68*7 

40*5 

76*5 

Stoppages . . 3*4 

1*9 

2*3 

3*1 

2-4 2-7 

3*7 

1*7 

6*3 

14*6 

4*2 

Rateof working. , 82*9 

88*0 

90*0 

94-4 

92-7 89-0 

91*6 

90*8 

87-0 

78*9 

88*9 



Afternoon Spell. 






Output ..81*4 

80*2 

83*5 

87*2 

85*9 86*2 

80*1 

64*5 



81*1 

Stoppages . . 2^8 

4*2 

2*3 

2*0 

1*9 2*6 

2*9 

7*4 

— 

.. ■■ 

3*3 

Rateof working. , 89*8 

93*3 

90*4 

93*4 

91*7 94*4 

88*7 

85*6 

— 

— 

9M 
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The above results are also shown in the following curves : — 



Figure 8. — Rates of Working on days of many and few stoppages 


The results show that on the days when the total duration of 
stoppages was greater than 80 minutes, the rate of working is 
higher than on the days of fewer and shorter stoppages. The 
difference is greater in the morning than in the afternoon spell 
of work, and is most noticeable in the latter half of the morning 
spell. An increaise in the average hourly duration of stoppages 
from 8-4 minutes to 12-2 minutes in the morning spell produces 
an average increase in the rate of working of 4*4 per cent. In 
the afternoon spell, a corresponding increase from 6 '6 minutes 
to 1 T 8 minutes gives an average increase in the rate of working 
of only 1 • 5 per cent. 

In general, therefore, the results show that the rate of working 
increases as the number and duration of enforced stoppages 
increase, but the effect is most noticeable in the latter half of 
the long morning spell. 

(b) Individucd Differences. 

Handkerchief Folding . — ^In addition to the results already given, 
records were obtained of the time taken by each operative in 
folding a single handkerchief at different stages in the spell 
of work, and the averages of these results are ^ven in Table X. 
They refer to the same kind of fold, and include only the 
•uninterrupted times, consequently they represent the actual 
rate of working of each operative when free from the disturbing 
factors mentioned later. 

Thus indmdual differences in the rate of working are very 
considerable ; the greatest difference between any two workers 
being 42 per cent. (B and C). Since the above results are free 




from any observable disturbing factors, the variations must be 
largely due to innate differences in the abilities required in 
handkerchief folding. 


Table X. — Individual Differences in the Average Time taken to 
Fold a single Handkerchief, 


Worker. 

A. 

B. 

C. 

1 

D. 

E. 

F. 

G. 

H. 

Number of observations 

87 

87 

92 

99 

90 

73 

92 

108 

Average time taken (secs .) 

6-8 

6-4 

9*0 

7-9 

7*8 

8-4 

‘9-1 

8*4 

Standard deviation^ . . 

0-91 

0-82 

1-42 

0-92 

1-03 

1*09 

1-04 

0-91 


1 The difierence between the means of any two workers is significant 
in 26 cases out of 28, i.e., the difference between two means is more than 
three times its probable error. 


In addition to the uninterrupted folding times given above, 
a record was also made of the nature and extent of interfering 
factors. These have been classified and are given in Table XL 


Table XL — Analysis of Factors responsible for an Increase in 
the Folding Time [Handkerchief Folding), 


Worker. 

Stretch- 

ing 

and 

Smooth- 

ing. 

Re- 

fold- 

ing. 

Talk- 

ing. 

Un- 

neces- 

sary 

Move- 

ments. 

Clumsy 

Move- 

ments. 

Total 

per 

cent. 

A 

8*5 

5*6 

5*0 

0*9 

2*2 

22*2 

B 

5*7 

2*5 

7*5 

3*6 

0*8 

20*1 

C 

0*6 

1*3 

4*1 

5*1 

2*1 

13*2 

D 

3*1 

2*0 

1*6 

3*1 

2*2 

12*0 

E 

6*0 

5*8 

5*9, 

2*7 

0*3 

20*7 

F 

2*6 

1*3 

5*7 

2*4 

1*2 

13*2 

G 

2*4 

3*6 

8*2 

1*9 

0*5 

16*6 

H 

1*2 

6*4 

4*3 

0*5 

0*3 

12*7 

Average 

3*7 

3*6 

5*3 

2*5 

1*2 

16*3 


The above results are based upon 150 observations for each 
operative, and are expressed as percentages of the total folding 
time. Thus the average amount of time lost because of the 
interfering effects of the factors given in the Table is 16 • 3 per cent. 
Of this total, the necessity for stretching and smoothing some 
of the handkerchiefs before folding is responsible for 3-7 per cent. 
A certain amount of stretching is a necessary preliminary to the 
folding of each handkerchief, but the results given above refer 
to handkerchiefs requiring special treatment in this respect. 
Interruptions of this type are accordingly largely avoidable, 
but as they are due to defective calendering, an attempt might 
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be made to improve the quality of the work in this preceding 
process. The other disturbing factors given in Table XI are 
largely subjective in origin, but they are responsible for a total 
loss of time amounting to 12-6 per cent. 

Differences between the methods employed by the workers 
were very noticeable, and in some cases many unnecessary move- 
ments were made. Worker C, for instance, instead of smoothing 
the handkerchief with one firm movement after each fold, patted 
it gently along the creases. A little instruction in the best 
method of folding would eliminate much of the inefficiency 
produced by defective or unnecessary movements. 

In other cases it was equally evident that the increased times 
observed were due to inability to carry out the necessary move- 
ments with dexterity and speed, owing to a crude sense of touch 
or to imperfect hand and eye co-ordination. Instruction in 
such cases would probably be useless since the defect appears 
to be iimate and not susceptible to the effects of training. It 
appears, therefore, that many of the differences observed are due 
to innate differences in the abilities required in the folding process, 
and it is highly probable that applicants who are likely to become 
expert folders could be discovered by means of suitable 
psychological tests. 

Handkerchief Ironing. — In this operation, some interesting 
differences were observed in connection with the process of 
damping. This additional operation is occasional and is rendered 
necessary whenever a crease occurs in the handkerchief to be 
ironed. It will be seen that the damping process is responsible 
for a considerable increase in the ironing time, and because, in 
addition, it interferes with the rhythmical nature of the work, 
must be considered an undesirable feature of the ironing process. 
A detailed analysis of the effect of damping is given in Table XII 

Table XII. — Showing proportion of time spent in damping. 

{Handkerchief Ironing.) 

A B C D 

Ironing time per doz. when damping (in secs.). ., 108-9 92-4 95-1 99-9 

Ironing time per doz. when not damping (in 84-5 80-2 81-4 86-2 

secs.). 

Percentage increase in time per doz. due to 28-9 15-2 16-8 15-9 

damping. 

Percentage of total affected by damping .. 45-5 22-5 27-0 23-0 

The results relating to operatives B, C, and D, are fairly similar 
both with regard to the time spent in damping and the number 
of handkerchiefs damped. Operative A, however, damped twice 
as frequently as the other workers and spent approximately 
twice the time in damping each dozen handkerchiefs. Since all 
the operatives were working with the same kind of material under 
similar conditions, there appears to be no reason for the unusual 
behaviour of operative A, and steps should be taken to bring her 
into line with the other workers. 
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Imperfections in the handkerchiefs to be ironed, due to faulty 
work on the part of the folders, were frequently a cause of con- 
siderable annoyance to the ironers. In such cases, the difficulties 
of the ironing process were considerably increased, and the 
annoyance was expressed in typical gestures and mutual com- 
plaints. Operative B, however, who seldom talked while working, 
preferred to air her grievance to the forewoman. 

Operative D talked more than any of the other workers. 
She usually instigated and maintained all conversations and was 
generally the first to stop work at night. Almost invariably, 
she spent the last five or ten minutes in changing her’shoes and 
making preparations for departing. Her rate of working (apart 
irom the time taken in damping) was slower than that of the other 
workers. 

Stamping Presses. — In this process some individual differences 
were observed in connection with the nature, duration, and 
distribution of stoppages. An analysis of the stoppages which 
occurred during the second and third weeks of the experimental 
series is given in Table XIII. The results refer to an average 
working day of nine hours. 


Table XIII. — Duration of different kinds of stoppages in minutes. 
{Stamping Presses.) 


Worker. 

Start- 
ing and 
Stop- 
ping. 

Re- 

pairs. 

Getting 

material. 

Arrang- Count- 
ing ing 

' lids, strips. 

Absent. 

Rest- 

ing. 

Total. 

A .. 

18-7 

48*9 

0*7 

8*0 

0*0 

2*5 

7*3 

8M 

B .. 

19-9 

44*0 

0*3 

7*2 

00 

9*4 

4*6 

85*4 

C .. 

20-0 

49*2 

2*3 

5*9 

0*0 

12*0 

8*2 

97*6 

D .. 

19*7 

43*7 

10*1 

7*6 

9*9 

14*0 

6*0 

111*0 


The results show that almost half the total duration of 
stoppages was due to mechanical repairs and adjustments, and 
that a further 20 minutes of the scheduled day was lost at the 
beginning and end of work. Such stoppages were not only 
directly responsible for a productive loss equivalent to 45 minutes 
a day in the case of each worker, but were a cause of annoyance 
and dissatisfaction to the workers and liable to create an un- 
favourable attitude towards the work. Other annoying inter- 
ruptions sometimes occurred when the workers were compelled 
to fetch the material which should be supplied by a girl appointed 
for that purpose. Worker D in particular appeared to suffer 
in this respect. This worker also adopted the unusual procedure 
of counting the strips as they were received, presumably because 
of her doubts regarding the number supplied. Time lost in this 
manner amounted, on the average, to a total of 10 fhinutes in a 
day of nine hours. Stoppages of a volunta^ nature, which 
include absence from the room, talking, resting, and walking 
about for no specific purpose, were responsible for a loss of 
16 minutes per day. Workers C and D often used such stoppages 
as a pretext for a change in activity. 
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Irregularly recurring and unexpected stoppages usually tend 
to interfere with the rhythm and swing of work, and frequently 
occur when they are not wanted and are least needed. They 
are often annoying interruptions to continued activity, and have 
a disturbing effect upon the attitude towards the task. 

(c) Comparison of Authorised with Enforced Stoppages, 

The data obtained in the stamping-press investigation may 
also be used to show the comparative effects of an authorised 
and expected rest of 10 minutes and enforced stoppages of the 
same^ duration. For this purpose, the results obtained during the 
first 4| hours of work in the morning spell have been used, and 
days in the rest-pause series on which the total duration of 
stoppages (including the 10 minutes' pause) were similar to the 
total duration of stoppages in the ordinary series have been 
compared. 

The results (Table XIV) are expressed in terms of the duration 
of stoppages and actual output in a spell of 4^ hours, and the rate 
of working is calculated from these values. 

Table XIV. — Comparison of effect of enforced hut unexpected 
stoppages with that of authorised and expected stoppages^, 
{Stamping Presses.) 

Output. Stoppages. Rate of working. 
Ordinary series .. 734 41*2 86 *6 

Rest-pause series .. 768 41*0 90*6 

It appears, therefore, that within the limits described an 
authorised and expected rest of 10 minutes is superior to 
enforced and irregular stoppages of the same total duration, 
the actual increase being 4-6 per cent. The difference may be 
due to the probability that in the case of enforced and unexpected 
stoppages, the stimulating effect connected with the prospect of 
a certain rest is missing. It is also affected by the absence of the 
beneficial effect of “ mass suggestion " in the case of enforced 
stoppages, since in these cases the operatives are compelled to 
pause at different times. Such results indicate that a quantitative 
answer may be found to the assertion that authorised rests are 
unnecessary when conditions of work involve numerous unforeseen 
and unavoidable stoppages, and support the belief that a pause is 
most beneficial when it is expected and occurs at a definite 
point in the spell of work. 

(d) Effects of Aggregation, 

When operatives engaged on repetitive processes work in 
close proximity to each other, suggestion and imitation seem 
to have an important influence upon their activities. A situation 
is created which apparently influences all the workers in the group, 

^ The data given in Table XIV are based upon the results obtained 
on four days each of the experimental series. 



TTtHE, (/*t 


and may counteract the particular desires or inclinations of an 
individual member of the group. In handkerchief folding, 
operatives A and B worked facing each other at the same table, 
but were some distance from the other operatives. Similarly 
workers C and D constituted a neighbourly pair. A decrease 
or increase in the rate of working of one of these operatives 
appeared to be reflected in the activities of the other worker, 
as if each were distinctly aware of the behaviour and rate of progress 
of the other. These features of the results are shown in the follow- 
ing curves, which are fairly typical of the curves obtained at the 
same time under similar conditions of work. 



Operatives E, F, G and H formed a compact group at the same 
table, and the general shape of the curves obtained from these 
workers is also very similar (cf ., Fig. 1, p. 5.) 

When two operatives are working in dose association, as 
in the cases given above, there is some evidence to indicate 
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that the quicker worker controls the pace, especially when a 
decrease in the rate of working occurs. In al^iQ^^ergg instance 
in the above curves a decrease in the rate Of^working in the 
case of the quicker worker is followed a little later by a decrease 
in the other member of the pair. From the productive stand- 
point this is a feature of some importance, since it means that the 
pace of the slower worker is regulated by the rate of working 
of the quicker operative, and the former is induced to maintain 
a rate which she would otherwise probably not attain if placed 
in close p;:oximity to an operative who was her productive equal 
or inferior. In other words, the combined efl&ciency of the two 
workers is probably higher when working in close proximity 
than when working in isolation. 

In the case of a group of workers, the behaviour of a few 
industrious members of the group will probably be similarly 
contagious, and will act as an incentive to greater activity 
upon the slower workers. It is important, therefore, to include 
a few reliable and efficient operatives in any compact group of 
workers, in order that the more indifferent workers, by means 
of emulation, suggestion, and imitation, may be induced to 
maintain a higher standard of efl&ciency. 

These statements, of course, are merely tentative and require 
further experimental evidence before they can be accepted as a 
general truth. It may be noted, however, that managers in other 
processes have observed a similar phenomenon, especially when 
the workers differ only slightly in ability. When individual differ- 
ences in working activity are large, the slower workers tend to 
become discouraged or indifferent to the activities of the quicker 
operatives. 


(e) Effect of Modified Conditions of Work, 

Four months after the introduction of the rest in handkerchief 
folding, a further modification in the conditions of work was 
tried. Since an official pause of 10 minutes was allowed about 
the middle of the spell, it appeared that the large amount of un- 
productive time absorbed in obtaining supplies of handkerchiefs 
on the completion of every twenty-five dozen (about 14 minutes 
per operative per spell) was unnecessary, and arrangements 
were made to eliminate this loss by engaging a young girl to keep 
the operatives supplied with raw material and to remove the 
finished work. Observations on this phase of the investigation 
were confined to the workers A, B, C, and D, and a period of two 
weeks under the modified conditions has been compared with 
an ordinary period of similar length. The results obtained are 
given in Table XV. 

Under the modified conditions of work the time lost between 
the folding operations was reduced from 669 to 298 seconds 
(a reduction of 55 per cent.) and that due to interruptions during 
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the folding process from 804 to 339 seconds (a reduction of 
58 per cent.) The actual output under the modified conditions 
showed an average increase of five dozen, or 4*8 per cent., but 
this was accompanied by a slight decrease in the average rate 
of working (0-9 per cent.). Even when the necessity for 
removing finished work and obtaining raw material was removed, 
the rate of working was by no means continuous, but was 
interrupted to the extent of 10-,6 nainutes in a spell of 4J hours, 
although an additional rest of ten minutes was allowed. 


Table XV. — Effect of modified conditions on Output and Lost Time. 
[Handkerchief Folding.) 


Worker. 

Usual conditions. 

Modified conditions. 

Per centv 
increase 
in 

output. 

Time 
' lost. 

Inter- 

rupted 

time. 

Output 

(in 

dozs.). 

Time 

lost. 

Inter- 

rupted 

time. 

1 

Output 

(in 

dozs.). 

A .. 

882 

859 ' 

96 

302 

255 

102 

6-3 

B .. 

567 

977 

97 

278 

418 

101 

•4-1 

C .. 

475 

815 

90 

282 

364 

94 

4-4 

D .. 

751 

565 

90 

332 

321 

94 

4*4 

Average 

669 

804 

93 

298 

339 

98 

4*8 


" Time lost ’’ represents actual time lost between the folding operations. 
'* Interrupted time ” represents time lost during the folding operations. 


The workers in question were initially somewhat opposed 
to the new arrangement, presumably because it represented a 
" tightening-up ” of the old conditions and an interference with 
established habits, but afterwards they became more reconciled 
to the modification. Since a substantial rest was allowed about 
the middle of the spell, any advantage due to the change involved 
in removing and fetching work was rendered less necessary. 

Stamping Presses. — In this investigation, the tin strips from 
which the lids were punched were usually of uniform size, and 
allowed 12 lids to be punched from each strip. The following 
diagrams illustrate the method adopted. 



Figure 10. — Method of punching lids from strips. [Stamping presses.) 


No. 1 shows the position of the strip with reference to the 
guage-pegs A and B, ready for the first punch to be made. No. 2 
shows the strip in position for the second punch, and No. 3 the 





31 


appearance of the finished strip. After stamping out the first 
row of 6 lids, the strip was turned so that the seventh lid was 
in the position formerly occupied by the first. 

In the course of this investigation, operative D was sometimes 
supplied with strips of different length. Normally, 12 lids were 
punched from each strip, but on certain days strips giving 10, 
14, and 16 lids were used. Table XVI shows the relative output 
for the different sizes of strips. 


Tables XVI . — Effect of afferent sizes of strips on output. 
{Stamping presses) 


Size of 
strip. 

Total 

output. 

Time 

worked 

(mins.). 

1 

Strips 
completed 
per hour. 

I 

Lids 

produced 
per hour. 

i 

10 .. 

1,342 1 

420 

191-8 

1,918-0 

12 . . 

14,869 

4,981 

182-4 

2,188-8 

14 . . 

888 

319 

167-1 


14 . , 

951 

372 

153-4 

2,454-4 


Thus, as the size of the strip increases, the number of strips 
completed per hour decreases, but the output (lids produced) 
increases. 

The results are, of course, limited to one worker over com- 
paratively short periods of time, but they are very suggestive, 
and indicate that production would be considerably increased 
by using the larger size of strips. In the case of the smaller 
strips, a larger proportion of time is lost in handling the strips 
between the actual punching operations. Beyond a certain point, 
large strips become unwieldy and difficult to manipulate, con- 
sequently there must exist an intermediate size of strip which 
is the most suitable from the productive standpoint. This 
example illustrates a principle of considerable importance in 
industry, and one which is common to many industrial operations. 

Another feature of some importance which emerged during 
this enquiry is connected with the design of the machines. The 
stamping-presses in use were similar in type and dimensions, 
yet the physical proportions of the operatives using them were 
very different. As a result, the bigger operatives were compelled 
to work in a very cramped and compressed position, which was 
decidedly ugly to behold and painful to endure. Such workers 
often complained of the uncomfortable posture enforced by the 
design of the machine, and this factor was undoubtedly responsible 
for many of the stoppages recorded in this work, since the workers 
found it necessary to obtain relief from the working position. 
The design of these particular machines is very inadequately 
adapted to the physical characteristics of the operatives, and is 
in consequence conducive to much unnecessary discomfort and 
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reduced efficiency. The machines may be satisfactory from 
the mechanical and functional standpoint, but their effect upon 
the operatives has not been sufficiently appreciated. A con- 
siderable improvement would be effected if, in future, designers 
of machines would work in conjunction with the industrial 
psychologist or physiologist, so that while retaining mechanical 
perfection, the machines could be adapted to the psychological 
and physiological requirements of the workers. 

5. Summary. 

The following summary is given to recall the principal 
conclusions reached ; but the reader should refer to the text 
and the detailed discussions on which they are based. 

1. The introduction of a rest of ten minutes about the middle 
of the spell of work caused — 

(а) An increase in the nett rate of working which varied from 

1*5 to 8-0 per cent. The increase occurred not only 
in the period following the rest, but also in the period 
preceding the rest in each spell. 

(б) With the exception of the afternoon spell in the stamping- 

press process, an increase in total output. In handker- 
chief folding the actual increase was 2- 3 per cent.; in 
handkerchief ironing, 1 • 6 per cent. ; and in the stamping- 
press process (morning spell), O-? per cent. These are 
smaller than have been found in other instances. 

(c) A reduced variability in the time taken to repeat the 

same cycle of movements as the end of the spell 
approached. 

(d) A reduction in the amount of time lost within the spell 

of work. 

(e) Increased contentment and satisfaction on the part of 

the operatives. 

2. The results obtained in the three processes investigated 
are very consistent, and suggest that favourable results would 
be obtained by the introduction of rests in most repetitive 
processes of a similar type. 

3. The work-curves obtained in the different processes 
differed from each other in many respects, the most desirable 
form of curve being obtained in handkerchief-ironing. A com- 
parison of the general shape of work-curves obtained in different 
processes will enable the general effects of particular conditions 
of work to be ascertained. 

4. Individual differences in the methods employed and the 
^e of working were very noticeable in these investigations. 
These appeared to be due to innate differences in ability and to 
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the different methods of instruction. They could be considerably 
reduced by the institution of a scientific method of selection and 
greater attention to training. 

5. An authorised and expected rest is more favourable than 
enforced but xmexpected stoppages of the same duration. 

6. When operatives engaged on repetitive processes work in 
close proximity to each other, a situation is created which 
apparently influences all the workers in the group, and may 
counteract the particular desires or inclinations of an individual 
member of the group. 

When two operatives are working in close association, there 
is some evidence to indicate that the quicker worker controls 
the pace, especially when a decrease in the rate of working occurs. 

7. In handkerchief folding, a slight modification in the 
conditions of work caused a reduction in the amount of lost 
time of over 50 per cent, and an average increase in output of 
approximately 5 per cent. 

8. In the stamping-press operations, it was found that the 
output depended upon the size of strip used, and that successive 
increases in the size of strip produced corresponding increases 
in output. 
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APPENDIX L 

Laboratory Experiments on Rest-Pauses. 

The repetitive process used in these experiments consisted essentially 
in placing bicyqle-chain links on a pair of steel shafts. Three male research 
workers took part in the experiments, which were begun when they were 
thoroughly practised in the performance of the task. The work-period 
was of 2i hours duration, and the results of three tests in which a pause 
of 10 minutes was introduced half-way through the spell, have been 
compared with the results of a similar number of tests in which the work 
was continuous. The results obtained are represented in Fig. A which give 
the average output for each five-minute period throughout the test. 

The beneficial effect of the pause is clearly indicated in the curves. 
In every case, the output in the rest-pause series is generally higher than 
in the interrupted series, particularly in the first 30 or 40 minutes 
immediately following the rest. A comparison of the output before and 
after the rest with the output in the corresponding part of the continuous 
series is given in Table A. 


Table A. — Comparison of Output in Continuous and Rest-Pause Series, 


Subject. 

Continuous 

Series. 

Rest-pause 

Series. 

Percentage 

Increase. 

1st i 
half. 1 

2nd 

half. 

Aver- 
age. ! 

1st 

half. 

2nd 

half. 

Aver- 

age. 

1st 

half. 

2nd 

half. 

Aver- 

age. 

A .. .. 1 

131*4 

127*7 

129*5 

138*2 

137*0 

137*6 

5*2 

7*3 1 

6*2 

B 

131*2 

124*1 

127*6 

138*2 

130*5 

134*3 

5*3 

5*1 i 

5*2 

C .. 

138*8 

129*3 

134*1 

141*0 

134*0 

137*5 

1*6 

3*6 

2*5 


In the course of these experiments, it was felt that a rest would be more 
advantageous if introduced earlier in the spell of work. The desire to 
pause often occurred after work had been in progress about 45 to 50 
minutes, and it was decided to try the effect of introducing two rest-pauses 
of 5 minutes instead of a single pause of 10 minutes as before. The work- 
men was accordingly divided into three equal periods of 50 minutes each 
Only subject B was available for this part of the experimental series, 
and the value of the results will be limited accordingly. The combined 
results of two tests in the continuous series have been compared with the 
corresponding results of two tests in the rest-pause series, and are given 
m Fig. B. ^ 

The superiority of the work with rest-pauses over the continuous 
^nes IS agam evident, especially in the middle and latter parts of the spell 
The actual output at different stages of the work is given in Table B. 


in Rest-. 

Pause and 

Continuous Series, 

1st 

2nd 

3rd 


part. 

part. 

part. Average. 

140*1 

126*9 

127*8 

131*6 

147*8 

144*1 

142*7 

144*9 

5*5 

13*6 

11*7 

10*1 


Continuous series . . 

Rest-pause series . . 

Percentage increase 

Thus, in the case of this subject, the increase in output when two rest- 
pauses of 5 mmutes each are given is approximately twice the increase 
minutes is allowed. As in the previous series, 
the advantageous effects of the rest are most pronounced about the 
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Figure B. — Effect of two rests of five minutes each on output. 


middle portion of the work-spell, due to a diminution of the monotonous 
effects associated with the continuous series. The anticipation of the pauses 
caused an increase in output in the first part of the work of 5 *5 per cent., 
which is practically the same as the corresponding increase observed in the 
single pause series. 

The subject expressed a preference for two pauses of 5 minutes rather 
then one of 10 minutes, and this subjective attitude is reflected in the 
results. He stated than when the period of work was divided into spells 
of 50 minutes each, he was able to work throughout at full pressure, 
whereas in a continuous test he felt that he wanted to distribute his 
energy over the whole period. The difference in the conditions was com- 
pared to the behaviour of a runner in a race of 100 yards and one of a naile. 

In order to determine the effect of unorganised rests, three tests were 
given in which the subjects rested whenever they felt inclined to do so. 
For purposes of comparison, three tests in which the subjects worked 
continuously have been used, and the averages of the two series are given 
in Table C. 


Table C . — Effect of unorgamsed Rests upon Output. 





A. 

B. 

Continuous series. . 

. . 


.. 154*5 

145*3 

Interrupted series 

. . 

, . 

.. 156*6 

152*0 

Per cent, increase 

. . 

. . 

1*4 

4*6 


Thus there is an increase in the average output per unit of time in 
the rest-pause series in the case of both subjects, although subject B 
improves more than three times as much as subject A. This is probably 
because subject B found the continuous series much more monotonous 
than subject A, and, subjectively, found the rests more beneficial. In each 
interrupted test, subject A took three rests of 407 seconds average length, 
but subject B preferred four rests of 152 seconds average length. Thus 
the total duration of the rests taken by subject A in each test was approxi- 
mately twice the total length of the rests taken by subject B, and yet the 
increase in output of the former subject was less than that of the latter. 
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In every case, the iirst rest was taken after work had been in progress 
from 40 to 50 minutes, when the subjects began to feel the monotonous 
effects of the work and believed their output to be decreasing. The 
subjects also stated that the last rest taken, although approximately 
equal in length to the previous rests, did not seem to have the same recup- 
erative effects. The results confirmed this belief, and the fact further 
illustrates the value of progressively mcreasmg the duration of rests as 
work proceeds. 

The anticipatory effects of rest-pauses is shown by a comparison of 
the results obtained in work-periods of 2 J hours' and 30 minutes’ duration. 
In this experimental series, six tests were given on consecutive days. 
On the first, , third, and fifth days the length of the work-period was 
30 minutes, but on the other three days it was 21 hours. In each case 
the subjects were informed of the length of the work-period before the test 
began. 

The average output for each 5 minutes during the first 30 minutes of 
work in the 2 J hours test has been compared with the output at correspond- 
ing times in the shorter test. The results obtained are given in Table D . 

Table D . — Ejfect of Work-Periods of different length on Output. 


No. of 
5-minute 
period. 

Subject A. 

Subject B. 

Long 

Test. 

Short 

Test. 

Percent- 

age 

Difference. 

Long 

Test. 

Short 

Test. 

Percent- 

age 

Difference. 

1 

157-3 

163-0 

+3-6 

151-0 

149-3 

-M 

2 

167-0 

171-3 

-f2-6 

149-3 

156-0 

-f-4-5 

3 

162 ’0 

171-0 

-i-5-6 

150-3 

158-7 

+5-6 

4 

164-0 

166-0 

-j-1-2 

155-7 

159-3 

+2-3 

5 

155-0 

165-3 

-f6-6 

153-7 

162-7 

+ 5-9 

6 

156-7 

163-7 

+4-5 

155-0 

162-3 

+4*7 

Average . . 

160-3 

166-7 

+4-0 

152-5 

158-0 

+ 3-6 


With one exception, the output in the short test is always higher 
than the output at the corresponding time in the long test. The subject’s 
knowledge that he has to endure an unbroken period of hours 
intensive work appears to have a depressing effect upon his activity, 
which, compared with a work-period of 30 minutes, cpses a reduction 
in output of approximately 4 per cent, in the first 30 minutes of work. 

From this it appears that, within limits, the shorter the duration 
of work, the greater is the psychological incentive to work as rapidly as 
possible. Other things being equal, it appears inadvisable to continue 
repetitive work uninterruptedly for long periods. 

Summary, 

The foregoing results give some indication of the subjective and 
objective effects of diherent arrangements of rest-pauses introduced 
into a work-period of 2^ hours. W^ithin the experimental limits described, 
they show that two pauses of five minutes each are more favourable than a 
single rest of 10 minutes’ duration. 

Perhaps the most interesting effect of a rest is the modification^ it 
produces in the attitude of the subject towards the task ; an attitude which 
is comparable to the effect induced by a short period of work in comparison 
with a task of longer duration. 
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The results further suggest that rest-pauses will be particularly 
beneficial in repetition work of a monotonous nature, providing that they 
are introduced in accordance with the indications disclosed by the objective 
and subjective efiects of continuous activity. 

Since the length of the work-period under consideration was only 
2 J hours, it is desirable to try the effect of longer periods and to repeat the 
experiments under industrial conditions. The differences between labora- 
tory and industrial conditions may be productive of widely different 
results. 


APPENDIX II. 

The Increase of Variability with Fatigue : Note on an 
Experiment in Arithmetic. By G. Udny Yule, F.R.S. 

In Section 3 (b) of the Report it is shown that the time taken to 
execute a given operation apparently tends to become more variable as 
fatigue increases. Nearly thirty years ago, in September, 1896, 1 made an 
experiment on my own rate of working, in doing arithmetic, which brought 
out the same result exceedingly clearly. 

A number of multiplication sums were prepared, each of 6 digits by 
6 digits. In selecting the figures zeros and units were not allowed, and two 
identical digits were not allowed to be placed together. In working the 
sums, if there were two identical digits in the multiplier, the rule was made 
that the multiplication had to be gone through independently each time. 
I then spent a morning, from 10.15 to 1.15, in working out these sums as 
fast as I could. The net time taken for each sum was noted with a stop- 
watch, i.e. the time taken from the actual start of the arithmetic, after the 
figures had been copied out, to the completion of the product ; but if there 
was any error in the answer that particular sum was simply omitted from 
the record : the times are those for consecutive sums worked covvectly. 
Fifty-three sums in all were done m the time, the total net time being 
5078*8 seconds, or about 84 J minutes, so that less than half the gross time 
was occupied in productive ” work. 

The chart, Fig. C, shows the individual times for the successive sums 
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and brings out clearly the increase in the amplitude of fluctuations as the’ 
end of the morning was approached. The following table, Table E, 
gives the mean times and the standard deviations for four (overlapping) 
groups of twenty sums each. For the first twenty sums the standard 
deviation is only 4 -64 seconds, for the last t^venty it is 7*01 seconds. 
The standard deviations for the two central groups do not run quite 
regularly, but this is due to the fact that they are appreciably afiected by 
the increasing times. The correlation between the time taken for each 
sum in the group, and its number in the group, is given in the next column, 
and hence vre obtain the correc ted sta ndard deviations of the last 
column, obtained by the formula a 's/ 1 — r 2 ; and hence giving the standard 
deviation abaut the best-fitting straight line through the segment of the 
chart representing the twenty sums in question. These corrected standard 
deviations increase continuously from the top to the bottom. 

Table E . — Means and Standard Deviations for groups of 20 sums in the series 
of 53 ; r is the correlation between the time taken by the sum mid its number 


Sums. 

M. 

in the group. 

a 

r 

( 7 ^ l-r 

1-20 

86*70 

4*64 

•024 

4*64 

11-30 

91*22 

6*66 

*553 

6*08 

21-40 

99*13 

6*59 

*453 

5*88 

34-53 

103*86 

7*01 

•254 

6*78 


If the corrected standard deviations of the last column arc multiplied by 
100 and divided by the means, w’e get the co-efflcients of variation — 5*35, 
6*08, 5*93, 6*53 : although the figures do not run quite regularly, there 
is a marked increase in relative, as well as absolute, variability between the 
first group and the last. Apart from the increase of variability as 
measured by the standard deviation or co-efiicient of variation, the chart 
suggests a much more marked tendency to work in spurts or bursts 
towards the end of the period, as if the curve were becoming definitely 
oscillatory. But, of course, these results are purely individual, and 
different individuals are likely to vary largely. 
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OTHER REPORTS OF THE INDUSTRIAL FATIGUE RESEARCH 

BOARD. 


These Reports can be purchased directly from H.M. STATIONERY 
OFFICE at the following addresses Adastral House, Kingsway, London, 
W.C.2; 28, Abingdon Street, London, S.W.l ; York Street, Manchester; 
1, St. Andrew^s Crescent, Cardiff; or 120, George Street, Edinburgh; or 
through any Bookseller. 

The offices of the Board are unable to supply them directly. 

Applications by post to the above addresses should quote tl^e description 
in full of the publications wanted, and should be accompanied by the price 
indicated in the list. 


A. — General and Miscellaneous, 

First Annual Report to March 31st, 1920. Price Qd, net. 

Second Annual Report to September 30th, 1921 (with Analysis 
of Published Work). Price Is. Qd. net. 

Third Annual Report to September 30th, 1922. Price 2s. net. 
Fourth Annual Report to December 31st, 1923. Price \s.Zd, net. 
Fifth Annual Report to December 31st, 1924. Price Is. Zd. net. 

No. 4. — ^The Incidence of Industrial Accidents, with special reference to 
Multiple Accidents, by Major M. Greenwood and Hilda M. 
Woods. Price 6d. net. 

No. 6. — ^The Speed of Adaptation of Output to altered Hours of Work, 
by H. M. Vernon, M.D. Price Is. net. 

No. 12. — ^Vocational Guidance (A Review of the Literature), by 
B. Muscio, M.A. Price Is. net. 

No. 13. — A Statistical Study of Labour Turnover in Munition and other 
Factories, by G. M. Broughton, M.A., E. H. Newbold, B.A., 
and E. C. Allen. Price 3s. net. 

No. 14. — ^Time and Motion Study, by E. Farmer, M.A. Price 2s. net. 

No. 16. — ^Three Studies in Vocational Selection, by E. Farmer, M.A., 
and B. Muscio, M.A. Price Is. Qd. net. 

No. 19. — Contributions to the Study of Accident Causation, by Ethel 
E. Osborne, M.Sc., H, M. Vernon, M.D., and B. Muscio, M.A. 

Price Is. Zd, net. 

No. 25. — ^Two Contributions to the Study of Rest-pauses in Industry, by 
H. M. Vernon, M.D., T. Bedford, and S. Wyatt, M.Sc. 

Price Is. Zd, net. 

No. 26. — On the Extent and Effects of Variety in Repetitive Work, by 
H. M. Vernon, M.D., S. Wyatt, M.Sc., and A. D. Ogden, 
M.R.San.I. Price Is. Qd, net. 

No. 27. — Results of Investigation in certain Industries. Price Zd, net. 

No. 28. — ^The Function of Statistical Method in Scientific Investigation, by 
G. Udny Yule, C.B.E., F.R.S. Price 6i. net. 

No. 29.— The Effects of Posture and Rest in Muscular Work, by E. M. 

Bedale, M.A., and H. M. Vernon, M.D. Price 2s, 6d, net. 
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PREFACE, 

The Board in their Preface to a previous Report have alread}? 
stated the reasons which induced them to devote part of their 
resources to research on methods of vocational guidance and 
selection. In accordance with this policy they decided as the 
first step to arrange for the compilation of a review of the existing 
literature on the subject.^ Subsequently two other Reports 
were issued, the one comprising the results of three investigations 
on vocational selection in certain restricted fields of work,^ aiad 
the other containing descriptions of certain performance tests 
devised in America, with special reference to their use in vocational 
guidance.® 

The earliest of these reports, which was published in 1921, 
showed that up to that time ail of the investigations, with one 
exception,^ had been concerned with vocational selection rather 
than vocational guidance (that is, with the requirements of 
particular occupations rather than those of particular individuals) , 
and had been almost entirely confined to the United States and 
to Germany. It is true that signs of further development w^ere 
even then apparent, as shown by the foundation in 1920 of the 
National Institute of Industrial Psychology in this country and 
by the fact that in other countries, especially those with industrial 
interests, institutions with somewhat similar functions were in 
process of formation,® These, however, were but initial though 
necessary steps towards the wide and systematic study of 
vocational guidance and selection, and little work had been 
actually initialed outside the countries referred to. 

During the last few years there has been a large expansion 
in the scientific research carried out on these subjects, accom- 
panied by signs of an awakening public appreciation of its future 
possibilities. In England, in particular, the National Institute 
of Industrial Psychology made continuous progress towards 
permanent establishment and was quickly in a position to engage 
the services of a staff of trained psychologists. At the time, 

1 Muscic, B. (1921) : Vocational Guidance (A rewew of the Literature.) 
I.F.R.B. Report No. 12. 

® Muscio, B. and Farmer, E. (1922) : Three Studies in Vocational 
Selection. I.F.R.B, Report No, 18. 

® Gaw, Frances (1925) : Performance Tests of Intelligence. I.F.R.B. 
Report No. 31. 

^ The investigaticn referred to io that of the Committee on Classification 
of Personnel in the U.S Ax my, which mvolved vocational guidance within 
certain defined limits. 

® An account of the chief of these institutions will be found in * Vocational 
Guidance in Foreign Countries ' by G. H. jSIiles {Jy. Nat. Inst. Ind Psych. 
X ; 1, 3, 4 ; and 3, 3) ; and in the * Report on the Present Position of 
Vocational Guidance and Selection,* by Miss M. Boole Stott (Women’s 
Employment Publishing Company, Ltd., 54, Russell Square, W.C.l). 
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however, it fek itseii pro^/isionally precluded from embarking 
unaided on a long and immediately miremtmerative research, 
and accordingly in 1922 the Board, on the ad^/ice of their Com- 
mittee on Industrial Psychology, resolved to co-operate vith the 
Institute in a joint preliminary investigation, the results of which 
are embodied in the present report. 

As this investigation on vocational guidance was to be the 
first of its Mnd carried out in this country, it was decided to 
confine it to a rather narrow field, and to study a smaH, number 
of cMidren with thoroughness rather than to attempt a large- 
scale experiment with the object of obtaining extensive data ; 
m other v/ords, the most complete determination possible of the 
persona! qualities of each individual child and of the inter-relation 
of these quahties was the object aimed at rather than the estimation 
of the practical value of the tests as judged by the subsequent 
history of the subjects tested. 

The scheme finally adopted is fully described in the Report. 
Briefly h consisted of the following three stages : — 

£. As a preliminary step, an analysis of the occupations 
taken up by 1,000 children leaving the schools in a London 
Borough was made, in order to ascertain which were likely 
to be the commoner occupations involved. 

II. The investigation proper, which was limited to the 
children educated at three schools in the Borough, consisted 
of an intensive individual study of all the children due to 
leave the three selected schools in the course of the next 
twelve months and of the making of vocational recom- 
mendations based on this study. 

III. After the lapse of two years as many as possible of 
the children who had been tested were traced, and the 
subsequent successes or failures noted and related to the 
indications of the tests. 

The general conclusions are fully set forth on pp. 98-102 of the 
Report, and need not be repeated here. The Board, however, 
think it desirable to direct special attention to two points arising 
out of them. 

In the first place, the Board are aware of the opinion some- 
times held that the only satisfactory way of determining the 
fitness of an applicant for any occupation is by an ordinary 
interview followed by a careful application of the method of 
actual trial. They desire, therefore, to emphasise the fact that 
even within the narrow scope of the present investigation one 
clear indication of the practical value of vocational tests emerges. 
The supplementary inquiry into the subsequent history of the 
children tested shows that both stability of emplojment and 
contentment with the conditions of work are greater amongst 
the group in occupations which the tests indicated as suitable 
than amongst the group in unsuitable occupations. 
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This, of course, does not imply that the selection of an 
occupation shoaid depend solely on the application of these 
tests. Choice is often limited by local circumstances, and in 
addition there may be other reasons far outweighing any indica- 
tions derived from vocational tests- Instances, however, must 
often arise where there is no predisposing tendency towards 
one of several available occupations, and it is here where vocational 
guidance methods are likely to be of greatest value. A boy or 
girl found to be naturally unsuitable for one occupation will 
almost certainly be found suitable for another. Different occupa- 
tions clearly demand different aptitudes, and vocational guidance 
as it progresses will merely indicate to the applicant whether one 
occupation is more suitable in liis particular case than another. 

Secondly, the Board fully concur mth the authors in their 
view that one of the most important results of the present investi- 
gation has been to show the imperative need for further research. 
They are therefore glad to know that investigation is being con- 
tinued on a more extensive scale by the National Institute of 
Industrial Psychology under a giant from the Carnegie United 
Kingdom Trust. 


The special thanks of the Board aie due to Professor Cyril 
Burt for directing the investigation, to the London County 
Council Education Authority for permission to examine the 
children, and to the teachers in the schools selected for much 
indispensable assistance and co-operation. 


February j 1926. 
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I. latroiiictiOB. 

The , Problem of Vocational Guidance. — It is the pur])use of 
vocational psychology to discover and measure by scientilic 
means those varying qualities of mind that make different 
individuals suited to different occupations. Vocational psychology 
has thus two branches, and pursues a double aim ; it seeks to 
choose the best man for any given occupation, and the best 
occupation for any given man. The first is the task of what 
is termed vocational selection ; the second, of wltat has come to 
be known as vocational guidance. On the problems and methods 
of vocational selection — ^the selection, that is, of the most 
suitable employees for a particular kind of work — ^numerous 
investigations have lately been made, and with much success. 
But hardly a single systematic research has hitherto been under- 
taken, either in this country or elsewhere, upon the feasibility 
and the value of psychological methods in guiding young people 
in their choice of emplo^zment. Yet, in the interests both of 
the workers and of the community at large, this is plainly by far 
the more importani problem of the two. 

Accordingly, as has been staled in the preface, an experiment 
on the possibility of vocational guidance for children leaving the 
elementary school was planned by a small body of investigators 
under the joint direction of the Industrial Fatigue Research 
Board and the National Institute of Industrial Ps 3 Thologj’. The 
experiment has been limited to three schools of a London 
borough. The district was so selected as to provide a wide 
variety of typical occupations ; and the schools were so picked 
as to be fairly representative of the average type of London child. 
The following report seeks to give a brief account of the results 
obtained. The separate sections are for the most part the work 
of the individual investigators ; but the inquiry as a whole was 
carried out in accordance with a jointly pre-concerted scheme. 

Present Procedure . — Until about fifteen years ago the vital 
problem of choosing a first employment \vas left almost entirely 
to the child and his parents. Valuable advice, indeed, v/as 
somethnes given informally hy the chiia*.s ovm teachers. Many 
headmasters and headmistresses were in close touch with the 
more important firms of their districts, and were often approached 
by employers as well as l3y parents for suitable recommendations. 
Further aid, too, was occasionally rendered by a small baud of 
voluntary workers, interested for the most part in the social 
rather than the industiiai or psychological side. But this was aif . 

Early in 1910, however, in acccTdanc:; with the powers 
conferred by the Labour Exchanges Act passed in. the previous 
year, the Board ui Trade issued rijles prcAuding that special 
advisory committees for juvenile employment should be estab^ 
lished in such areas as seemed expedient ; and a few months later 
the Education {Choice of Employment) Act was placed upon the 
statute book. This Act, by its brici cUuses. affoided local 
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education authorities the financial powers that were necessary to 
enable them "'to give boys and girls information, advice and 
assistance with respect to the choice of eniplo^yinent/’^ In 
London, in accordance with this Act, the primary responsibility 
for advising children who left the Council’s schools remained, 
until about a year ago, with the school care committees, working 
under the general organization of the Education Officer's 
Department of the London County Council. Between them, 
however, the two new Acts had set up a dual system of control. 
It was a system fraught wdth difficulties in actual administration. 
Eventually, after Lord Chelmsford’s report, the London County 
Council decided not to undertake the administration of the 
Unemployment Insurance Acts relating to juvenile workers. As 
an automatic result, the full and undi^/ided responsibility for 
dealing with children and young persons in all matters relating 
to emplojnnent passed to the Ministry of Labour ; and has 
remained with it since April, 1924.^ 

So early as 1915 a brief informal study of vocational guidance 
was made by one or two officials of the London County Council ® 
along psychological lines. Owing to the war the experiment 
was discontinued ; but it v^as sufficient to reveal the need for a 
fuller investigation, and to demonstrate the main lines upon which 
such an investigation might be carried out. In particular, it was 
noted that, under the Acts just cited, there was already in 
existence administrative machinery which might be made the 
basis for such work. The machinery, which with slight modifica- 
tions stiU continues, has been embodied in a re\’ised scheme of 
after-care and juvenile employment experimentally adopted 
for the County of London.^ Every child, as he leaves the 

^ The provisions of tins Act have since been incorporated m the 
Education Act, 1921 (Section 1-07). 

2 In Great Britain the earliest occasion on which the State has 
recognized the need for giving guidance and aid to children as they move 
from school to industry is to be found m the Education (Scotland) Act, 1908, 
an passed a year before 'the labour exchanges were set up. The 
application of psychological methods to the problems of vocational 
guidanc^e appears first to have been made in America, and dates from 
about the same period. A brief history of the subject ^vill be foand in the 
Board of Education's Report on Psychological Tests of Educable Capacity 
(1924, price 2s. net; see especially pp. 47-53, 98-100, and the short 
bibliography, p.^ 197). A fuUer Review of the Literature on Vocational 
Guidance, compiled by B. Muscio, has been published by the Industrial 
Fatigue Research Board (Report No. 12, 1921, price Is. nk). 

» In this earlier inquiry, carried .out under Dr. Burt, assistance was 
generously given by Mr. J. W. Cox, who devoted his time and energy to 
the analysis of the accessible records and to the preparation c»f psycho- 
logical iests. 

^ The details of this scheme, as provisionally approved, arf^ cl..scribed 
in the First Annual Report of the Lendon Advisory Council for Juvenile 
Employment (H.M. Stationery Office, 1925 ; see esp. pp. 10-14). The 
Advisory Council is a body appointed by the Minister of Labour in Maich, 
1924, to deal, as its title inipbes, with the question of juvenile employment 
m London, and (among other problems) with the entrance of children 
into industry. 
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elementary school, is briefly described upon a scliooUcaving form. 
The form is intended to give a confidential lecord of the chilchs 
characteristics — ^liis home circumstances, his standard or class in 
school, his ph^^sicai ccmdition as noted by the school medical 
officer, liis conduct and ability as assessed by the teacher, and, 
finall^^ ihe employmonl lie desires. This form is laid before a 
school conference, at whidi the child and hi.s parents attend ; and 
a recommendation regarding the work that seems most suitable 
is then made amcl entered. In cases for direct action, through 
the mediation of the Juvemle Advisory Committee and the 
Employmonl bixchange, Jip]>iicants arc submitted to employers 
forthwith for such v?xancie.s as may be available. " To test the 
recommendcition and tlie placing thus attained, the child is 
kop>t under supervibi'-m lor the next Ihiee or four years. 

It will be seen that the scbool-leaving form as finally completed 
is, or should hi\ the main basis of the advice so given. Everything, 
therefore, may turn on the accunuy and fullness with wffiich it 
is C(mipilod. At present tlie particulars on the schedules are 
filled in by teachers during the child's last term at school in a 
way that is bound to be indefinite and vague : ' conduct — 

good ' ; ' intehigcncc — fair.' As a testimonial such statements 
may be helpful ; as a scientific guide tliey are oi little worth. 
The list of characteristics and aptitudes, therefore, needs to be 
carefully elaborated and revised ; and the chief entries to be 
defined in accordance v/ith some * psychographic scheme,’ more 
•precise, more strictly comparable, and more accurately stan- 
dardized. How far, in the present state of knowledge, this is 
really practicable is one of the first and most important problems 
to be solved by the vocational psychologist. 

Occupations open to Children leaving School . — Before deciding 
what aptitudes oi qualifications are to be looked for, it is necessary, 
first of all, to know wffiat aptitudes or qualifications may be wanted 
in the employments that the children are likely to enter 
Certainly, no sclieme of tests can be drawn up, until it has been 
eiscertained what special vocational abilities will chiefly call for 
measurement. Accordingly, as a preliminary to the main research, 
one of the investigators undertook a careful statistical analysis of 
the occupations actually entered by a large group of children who 
had recently left school in the district where the inquiry was to be 
carried on . The results of th e analysis arc set out in Tables I and 

^ I'bis preiixnmary analysis made by Mrs. L. Ramsey To the stafi of 
the local oftice for children’s care, who .so i^illingly put their records and their 
experience at our disposal, we are especially grateful. For help m the 
further classification of the data so obtained, we are also much indebted 
to numerous workers familiar with the conditions of the district — ^teachers, 
employers, labour exchange officials, as -well as the young employees 
themselves. As is noted m the text, the ciassificatioii hcfiuid to be 
somewhat arbitrary and approximate In the same area and in the same 
office, however, an earlier analysis along siniilar lines was made by 
hlr, J. iV Cox; and it is encouraging to note that m both inquiries 
thc' final percentages agree quite closely, and so corroborate each other. 
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Table I.— CHOICE OF EMPLOYMENT (BOYS). 

Analysis of First Situations accepted by 1,000 Boys leaving London 
Elementary Schools, 


Nature of Employment. 


Per-- 

ccntage. 


A. Professional or Semi-Professional. 

1. Higher Education (without immediate employment) - 
Secondary schools 
Technical schools . . 


B. Clerical or Highly Skilled. 

Office work (with training or continued education) . . 
'6. En^in'^cring (with training or continued education) 

4. Trade or other schools (without immediate employment) 


C, Skilled. 

5. Engiveerxng and allied trades — 

General engineering 
Electrical engineering 
Motor w'orks 
Wireless , . 

Aeroplane making 

6. Toolmahing and allied trades — 

Scientihe instrument making 
Optical w'oik 

Mistoilaneous tool-maMng 

7. Carpentry and allied trades — 

Cabinet maidng 
Carpentry and woodwork 

8. Tailoring and allied trades — 

Tailoring . . 

Bootmaking 
9- Miscellanetitis — 

Printing or lithography . . 

Photography 

Upholstering 

I-eather work 

Watch or jewellery making 

Stained glass work 

V arious 


D. Semi-Skilled. 

U). Shop assistants and allied work- 
Barbers’ assistants 
Chemists' assistants 
'Post Office stores 
General stores 
Warehouses 

Shop assistants (various) 
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Tablil ], — covid. 


Nature of Eniploymeni. 


D. Semi-Skilled — contd. 

1 1 . Metal and wocdimrk, etc.- 

Metalwork 
Brass poUsinng . . 

French polishing . . 

Piano making 
Sawmills . . 

12. Miscellaneous — 

6fiice boys 
Laboratory boys 
Waiters 
Packers 

Semi-skilled manufacturing (pens, pencils, 
cues, buttons, artificial teeth, etc.’ 

Various 


Total 


billiard 


E. Unskilled. 

IH. Delivery of goods — 

Errand boys 
Van hoys , . 

Paper boys 
Milk delivery 
Railway porters 
Butchers' boys 
Greengrocers' boys 

14. Messengers — 

Post Office messengers 

Cable company's messengers 

District messengers 

Page boys 
Lift boys . . 

House boys 
Various 

15. Miscellaneous — 

Factories (other than skilled or semi-skilled) 

Labourers 

Vorious 


per- 

centage^ 


3-4 

1- 0 

2*8 

0-9 

2 - 0 
0 2 
0‘f> 
0*5 

41 

5*2 


30*1 


14*1 

\ , p 
1 *0 
0*G 
0-5 
0*4 
0*2 

1*7 
0 • G 
0*4 
2*5 
0*2 
0*5 
O'* 6 

30 

2-1 

2*3 


Total 


35*9 


jqotQ — ^The class-headings given in this and the foUowiag table* 
(‘ Skilled,’ ' Unskilled,’ ' Semi-skiUed,' etc.), have ^been adopted to mark 
vfhat seem to be the most natural subdivisions. Foi terms so vaguo it is 
difficult to devise exact definitions. Nevertheless, as will appeal later on, 
these subdivisions nin roughly parallel to a simple scheme tor the classifi 
cation of intelligence : and the somewhat arbitrar^r dividing- lines have 
accordingly been fixed to correspond with that scheme. Throughout thus 
report therefore, these terms are used as convenient labels for groups ox 
occupations or trade-processes requiring approximately the grades at 
intelligence specified in Table IV. 
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Table II.— CHOICE OF EMPLOYMENT (GIRLS). 

Analysis of First Situations accepted by 1,000 Girls leaving London 
Elementary Schools. 


Nature of Employment. ' centage. 


A. Professional or Semi-Professional. 

1 . Higher education (without imiaediate employment) — 

Secondary schools . . . . . . 0*2 

Technical schools . , . . . . . . » . . . 0*1 

Total , , . . . . . . . . . . 0*3 


B, Clerical or Highly Skilled. 

2. Office work (with training or continued education) — 

General .. .. .. .. .. .. 3*9 

Shorthand and typewriting . . . . . . . . 0*5 

Book-keeping or cashier . . . . . . . . 0*6 

3. Dressmaking or showroom work (for Mgh-class firms). » 1*3 

4 . Trade ur other schools (without immedi ate employment) — 

Shorthand and typewriting schools . . . . . . 0*5 

Dressmaking or domestic economy . . . , . . 0*3 

Various . . . . . . . . . . . . . . 1*1 

Total . . . . . . . . . . . . 8*2 


C. Skilled. 

5. Office work (coniine) .. .. .. .. 4*1 

3. Dressmaking, and allied trades — 

Dressmaking . . . . . . . . . . . . 6*5 

Tailoring .. .. .. .. .. .. .. 3*0 

I51ouse or collar making, etc, . . . . . , . . 0*9 

7. and allied trades .. .. .. 2*7 

8. Embroidery — 

General embroidery .. .. .. 2*3 

Silk bag maldiig 0*2 

Bead work . . . . . . . . . . . . 0*2 

9. Printing and allied trades — 

Printing 1*2 

Bookbinding 1*4 

Engraving, stencilling, etc. . . . . . . . . 0*4 

10. Miscellaneous — 

Upholstery . . . . , . . , . . . . 2*9 

Leathervvork .. i»3 

Artilicial flower making . . . . . . . . 1*2 

Optical work . . . . 1*0 

Jewellery and jewel case making . . . . . . 1*2 

Silk lampshade factory . . , . , . , . 0*8 

Fur trade . , 0-3 

Various . , . , . . . . . . . . . . 1-4 

Total 33*0 
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Table II. — contd. 




E. 


Nature of Employment, 


Semi-Skilled. 

1 i . Shop assistants — 

Drapers’ assistants 
Hairdresseivs' assistants 
Pest OJC&ce (counter work) 

Various 

12. Domestic service (superior) — 

General 

Nurses , 

Waitresses 

13. Packing (delicate goods) . . 

14. Seamstresses . . 

15. Miscellaneous — 

Confectionery 

Cigarette making 
Artificial tooth making . . 

Paper malcing 
Toy making 
Laundry work . . 

Various (chiefly semi-skilled manufacturing) 
Total 


Unskilled 

16, Delivery of goods — 

Errand girls 

Various 

17. Messengers — 

Post Office messengers 

Lift girls . . . . 

IS, Domestic service {miQiiov) ... 

19. Factory work (other than skilled or serai-skiiled) — 

Packing (coarse goods) 

Bottling, labelling, etc. . , 

Miscellaneous unskilled factory work . . 

Total 


Per- 

centage, 


3*2 

0-4 

0*4 

3*8 


3*1 

1*6 

0*3 

3*7 

4*2 


1*5 
1*6 
2*7 
2*4 
] *3 
1*1 
3*6 


34.* 9 


2*8 

1*7 

0 * 6 * 

0*4 

4*6 

3*8 

3*2 

6*5 


23*6 


Two thousand consecutive cases were taken — a thousand boys 
and a thousand girls coining from eighteen representative schools 
in the borough. The period chosen was the period intervening 
between the close of the war and the commencement of our 
inquiry, namely 1919 to 1922.^ The percentages show the 

1 It might be thought that, owing to unsettled conditions following 
the war, the period picked for our work was unfortunate. It appears, 
however, that economic disturbances have not gravely affected the 
problems ot juvenile employment. It has been estimated that, of young 
persons between the ages of 14 and 18, barely 4 per cent, are unemployed, 
and, of the children aged 15 to 16, over 62 per centi have worked in one 
place only since leaving school, and no less than 90 per cent, have worked 
in not more than two places. Juvenile employment, therefore, ‘has 
remamed much nearer the normal, and far more stable, than might have 
been assumed. (See First Annual Report of the London Advisory Council 
for Juvenile Employment^ 1924—25, p. 17.) 
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i dative proportions entering each of the occupations catalogued 
in the table. In an initial investigation it is possible to think 
only of the commoner forms of juvenile employment. The vague 
sub-headings ‘ Various ’ or ‘ iliscellaneous ’ are used where not 
more than one child in a thousand entered each of the trades 
so grouped. 

The range of occupations is enormous. At the one end of 
the scale, a large number of the lads become errand boys, van- 
boys, or paper-boys, doing work that could be done (and often 
actually is done) by youths who are mentally defective.. At the 
other end of the scale, there are chiMz en who have been sent by 
their parents to secondary schools in the hope that they may 
subsequently pass to a University, and rise to one of the higher 
professions. On a first casual glance it might seem that the 
bulk of the occupations actually taken up could be divided into 
the tw'o familiar groups — ^skilled and unskilled. This, however, 
to the psychologist is rather like bisecting the whole population 
into the dever and the dull, those who have high intelligence 
and those who have none. Everywhere in mental chissiflcation 
these easy antitheses are to be doubled ; and a closer scrutiny 
of the occupations shows that the popular grouping, as usual, 
ignores the immense variety of individual differences. We 
found ourselves compelled to attempt soijne finer classification ; 
and it seemed necessary, first, to introduce an intermediate 
category which we have headed semi-skilled, and, secondly, to 
recognize the existence at least of a higher and a lower degree of 
skill. In all we have thus a minimum of five main classes, grouped 
as shown in the table. Even so, it was far from easy to determine 
under which general dass a given situation should be entered. 
Often it was essential to consider, not merely the actual work on 
which the child was to be engaged on first taking up his job, but 
also the amount of experience needed before he could become 
proficient in it, and the further opportunities thereby opened up 
for training, instruction, and advancement to a post of 
resjronsibility. After all, what primarily concerns the vocational 
ad^/iser is not so much to- discover a task that seems immediately 
suited to the child's present powers, but rather to direct him to 
some permanent employment where he may gradually press 
forward to a position that shall eventually satisfy his fullest 
needs. 

Averaging the final figures for the two sexes, it would appear 
that rather less than 10 per cent, enter clerical or highly skillpd 
occupations, and that about 30 per cent, are to be found in each 
of the groups designated skilled, semi-skilled, and ni^slfillAd 
respectively, the numbers (for the boys at any rate) increasing 
pro^essively with decrease in the skill required. As we shall 
see in a moment, and as might naturally be inferred, this hi gh 
incidence of low-grade occupation diminishes somewhat with 
advance of years ; and at higher ages the relative proportions 
tend more and more towards a normal or at least a symmetrical 



distribution.^ Yet always, much as it may be regretted, 
there seems more room at the bottom than at the top. It must 
be noted, too, that, since the brightest children leave the 
elementary school for the secondary at the early age of 
eleven, and since there no secondary schools included in 
our inquiry, the figures lor professional or semi-professional 
callings are in our table disproportioaarety small : for the whole 
of London they would amount to between I and 2 per cent. 

The rough percentages shov/n in tlie table can, of course, 
claim no, universal validity. They hold good primarily lor the 
area in which our work was done. Even vrithi’ii Lofidon itself, 
such figures vary widely from district to district ; and, compared 
with the rest of the country, London itseli' is an exceptional case. 
As a national warehouse and disliifmting centre, its peculiar 
position leads inevitably to an unusual pmdominance of unskilled 
employment and of casual labour. 

When every allowance has been made, there remains a great 
variety and range of work accessible to the young child ; and 
throughout, the main distinctions seem to rest largely upon dogTeeb 
of skill— of skill, not in the sense of acquiied dexterity sr expe-ri- 
ence, but of aptitude for learning and for profiting by opportunity. 
In this sense of the word, skill appeals almost idcntica] with wirat 
the psychologist terms intelligence ; and it became clear at the 
outset of our research that one of the most important problems 
for the vocational adviser would be to ascertain the degree of 
intelligence possessed by each indi\dduai child. Within the 
vocational scale as thus airanged, there are several obvious and 
outstanding points. For boys, by far the commonest form of 
skilled work was that which may be loosely designated engineering. 
For girls the commonest form of sidlled trade was that whidi 
may roughly be described as needlework or dressmaking. For 
both sexes the various clerical occupations together make up 
another distinguishable group, faiily well marked if not quite 
so numerous ; while a fourth big class is formed by that group 
of occupations which involves -waiting upon other people — 
domestic sendee among the girls, messenger work among the boys, 
and among either sex (at a somewhat higher level) serving in 
shops and stores. 

This initial analysis, then, indicated very broadly what would 
be the most important tests to use, and what would be the most 
essential qualifications of aptitude or temperament to be looked 
for. 


1 According to the Census returns for the metropolis, approximately 
10,000 boys about the age of 14 become errand boys and van boys ; 
by the age of 20 there are barely 1,000 left in such occupations. Similarly, 
in spite. of the increasing tendency for manufacturing 6rms to move 
to the provinces, an enormous number of young girls are always in demand 
for unskilled work in factories : marriage, in later years, speedily thins 
their ranks. 
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Flan of Inquiry. — The main part of the research consisted of 
an intensive individual study of all the children due to leave the 
three selected schools in the course of the next twelve months. 
The number amounted to exactly one hundred — 52 boys and 
48 girls ; and the study covered each of the main fields of 
information. 

(1) One investigator visited the homes and ascertained the 
social and economic status of the family, the occupations and the 
wishes of the parents, and any infomaation that might be likely 
to throw light upon the hereditary tendencies of the children. 

(2) All available data about the child's physical condition and 
history, his school attainments and school progress, were collected 
from the teachers and from the cards recording the results of 
past medical inspec lions. The results of the medical inspection 
appeared to be sufficiently accurate to dispense with the need for 
any special physical, anthropometric, or medical examination. 

(3) The mental capacities of the children were tested and 
studied by a group of investigators, each employing tests upon 
which they had specialized. The purpose of the tests selected was 
to measure intelligence, educational attainments, certain specific 
capacities like mechanical ability or imagination, and natural 
aptitudes for particular trades like dressmaking. 

(4) Each child was subjected to a personal interview, during 
which an endeavour was made to assess other essential character- 
istics — ^for example, emotional, moral, and social qualities — ^which 
could not be directly measured by the tests. 

In order that each child might be studied systematically, a 
detailed schedule or ' psychographic scheme ' was drawn up 
beforehand by Dr. Burt, indicating the particulars which it was 
desired to obtain in every instance. The chief headings are 
summarized below. The various items specified under the several 
headings have here been omitted. It will be clear from the 
later sections, dealing with each topic as it arises, what were the 
particular details sought for in each case. It was hoped that, 
with the further revisions and modifications shown to be necessary 
by practical work, such a schedule might eventually suggest the 
basis for a vocational dossier or ‘ personal file,' and indicate the 
general outline to be filled in for any particular child who might 
in the future be examined -for vocational guidance. 

Vocational Guidance. 

Schedule for Investigating Individual Cases. 

L HOME CONDITIONS, 

II. PHYSICAL CONDITION. 

III. MENTAL CONDITION. 

A. Intellectual Capaoif^ : 

1. General Intelligence: 

{a) Verbal tests : 

i. Group tests ; ii. Individual tests. 

(6) Non-verbal tests : 

i. Group tests ; ii. Individual tests. 
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2. Specific Capacities : 

[a] Manual dexterity. 

(i») Mechanical ability. 

(c) Constructive ability. 

(d) Imagination. 

(e) Capacities needed for particular trades (dress- 

making, engineering, clerical v/ork, etc) 

3. Educational Attainments : 

[а) Reading. 

(б) Writing 

[c) Spelling. 

[d) Arithmetic. 

[e) Drawing. 

4. Special Intcrcsls : 

General culture, vocational preferences and 
experience, amusemenis, hobbies, etc. 

B. Temperament and Character : 

1. Emotional Qualities: (cheerfulness, assertiv^^ness, 

timidit^^ bad temper, etc.). 

2. Moral Qualities * (honesty, industry, reliability, 

etc.j. 

3. Social Qualities: (ability to co-operate with in- 

feriors, equals, superiors, etc.) 

TV. VOCATIONAL RECOMMENDATIONS. 

At the dose of the inquiry all the data obtained for each 
individual child were collected together, and vocational recom- 
mendations were made by the in^-estigators discussing each child 
singly in the committee. A brief letter was sent to the parents, 
stating what form of emplo}nnent seemed best fitted to their 
child. After an interval of about two years all the homes were 
re-visited : and a special inquiry was carried out, to discover 
how many of the children had obtained emplotmient of the type 
recommended, and to compare their progress with that of the 
children unable to follow our advice. 

In the following pages we shall take up, one by one, the main 
headings of the foregoing schedule ; and shall discuss, m the 
light of our results, what seem to be the merits and the limitations 
of each line of approach. We should add that many of our 
conclusions will be based, not merely on the brief series of school 
experiments which form the central topic of our report, but also 
on the special experience gained by several of our number while 
working in the Vocational Section of the National Institute. 
For the opportunities there afforded to us we owe a special debt 
of gratitude. 

Throughout the investigation the most cordial co-operation 
has been received from the parents, from the teachers, from the 
Care 'Committee workers, and from the children themselves ; 
to all of them we express our thanks for the help so willingly 
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given. Without the general experience and the special information 
pul so freely at our disposal alike by teachers and by the officials 
of the Education Department, our work would have been im- 
possible. We arc farther particularly indebted to Dr. C. S. Myers, 
F.R.S., Director of the National Institute of Industrial Psychology, 
and to Mr. D. R. Wilson, Secretary of the Industrial Fatigue 
Research Board, for the care with which they have read our 
report in proof, and for the advice which they have been ready 
to bestow at every stage ot our inquiry. 


IL— The Estimation of Intelligence in Voeatipnal Guidance. 

By Winifred Spielman and Cyril Burt. 

We have seen reason to expect that, in recommending suitable 
vocations to individual children, one of the first and foremost 
considerations will be the level of the child’s intelligence. 
Intelligence is now commonly regarded as a general or central 
factor entering into every mental performance, and determining 
efficiency in every form of work. From the very nature of 
intelligence as thus conceived it follows that a quality of such all- 
pervasive influence must be of supreme importance for industrial 
success. For its measurement suitable tests are now available ; 
and probably there is no characteristic of the mind that can be 
so accurately assessed. 

Recent surve]^ carried out in Loudon schools show that the 
intelligence of individual pupils varies over a range unexpectedly 
wide. Between the feeble-minded chfid, who is removed to a 
school for the mentally defective, and the scholaiship child, who 
wins a free place in a secondary school, there may he a difference 
equivalent to ten years of mental growth. Take a, random sample 
of a thousand children, aU with a chronological age of 10 : the 
brightest will probably be more intelligent than an average child 
of 15, and the dullest less intelligent than an average child of 5. 

To eliminate the effect of different chronological age, intelli- 
gence is usuaEy measured in tenns of the mental ratio. This 
is the unit used in our inquiry. A child’s mental ratio is 
found by dividii^ his mental age, as asceilained from psychologic^ 
tests, bj. his chronological age according to the calendar, and 
expressing the fractidn as a percentage. Throughput the years of 
school life this ratio remains fairly constant. Generally speaking, 
the mental ratios of boys and girls in the Council’s schools lie 
between 50 and 150 per cent. 
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The children selected for our main inquiry numbered, as we 
have seen, no more than one hundred. It was, therefore, only to 
be expected that, witii a group so small, the range of intelligence 
would be comparatively narrow. Further, long before the age of 
thirteen, the brightest children from the elementary schools have 
been transferred to central schools or secondary schools, and the 
defective have been removed to special schools. Nevertheless, 
wide differences were found among the children tested: the 
brightest had a mental ratio of 134 and the dullest one of 62 ; 
this means that, at the age ol thirteen, their intelligence was 
scattered over a range of more tlian nine mental yeais.^ Again 
and again in our inquiry, we noted, what is so commonly found, 
that the tea.cher unconsciously minimizes the degree of these 
differences; nearly alwa}^ he 'tmderrates the cleverness of the 
clever and the dullness of the dull. Thus, when recommendations 


Tabus. III . — Distribttiion of Intelligence among Children and 

Adults. 


H) 

Level of 
intelligence 
(in mental 
ratio). 

(2) 

Educational 
category or school. 

Number of 
children (in ^ 
percentages). 

i 

Vocational category. 

(5) 

S. ..I?- 

Cl 42 -3 

C if. 

"*1, 

1,. Over 150 

Scholarships (Uni- 
versity honours) 

0*2 

Highest professional 
and administrative 
work. 

0-1 

2. 130-150 

Scholarships (second- 
ary) 

2 


Lower piofessional 
and technical work 

3 

3. 115-130 

, Central or iiigher 

1 • elementary 

10 


Clerical and highly 
skilled work 

12 

4. 100-115 

Ordiiiar^^ elementary 

38 


Skilled work Minor 
commercial posi- 
tions 1 

26 

5. 85-100 

Ordinary elementary 

38 


Semi - skilled work. 
Poorest commer- 
cial positions 

33 

6. 70-85 

Dull and backward 
classes 

10 


Unskilled labour and 
coarse manual 

work 

19 

7. 80-70 

Special schools for 
the mentally de- 
fective 

L 

5 

Casual labour 

7 

8. Under 50 

Occupation centres 
for the ineducable 

0-2 

institutional cases 
(imbeciles an^ 

idiots) 

0»2 


* Aniotig the cases applying for guidance at the National Institute the 
mental ratio bus varied from 45 to 175. 
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are based solely on Lhe sdiool-leavin^ form, the bright child tends 
to be placed in a situation that is not good enough, and the dull 
child in a post needing an intelligence that he does not possess. 

How, then, can the vocational adviser fit the choice of 
occupation to the degree of intelligence thus discovered ? It is 
clear that some guiding scheme is wanted to show the distribution 
of intelligence among the industrial population, and its relation 
to what is required in different classes of employment. 

A classification of London school children according to their 
mental ratios is given in the first two columns of Table III.^ 
The figures indite tiiird column show approximately what percen- 
tage of school children falls within each grade of intelligence. 
Tliese grades of intelligence correspond in tvxm to the t3rpe of 
education that the clrild is or should be receiving ; and the percent- 
ages answer roughly to the numbers in schools of different t3^es. 

Among adults the range of intelligence varies quite as widely as 
among children. Tliis has been demonstrated by recent examina- 
tions carried out with group-tests—for example, in this country by 
the Civil Service tests for ex-Service candidates, and in America 
by the psychological tests applied during the war to recruits for 
the Army. When persoi^ so tested are classified according to 
their several occupations, it is found that there is a broad corres- 
pondence between intelligence on the one hand® and vocational 
requirements on the other. The correspondence is shown by the 
classification of vocations indicated in the fourth column of 
Table III. In general it will be observed that the amount of 
intelligence required by a given type of occupation is roughly 
proportional to the amount of education, training, or experience 
required to be proficient in u. The calling- of a physician requires 
five or six years training of a university type ; the calling of 
an elementary teacher requires a shorter period at a training 
college ; the work of a shorthand-typist require only a year or 
two’s training in a business college. A skilled mechanic requires 
several years’ apprenticeship, and may continue learning after 
he has taken up his job ; a diauffeur can learn to drive a car in 
the course of a few months ; repetition-work in a factory may be 
learned in a week or so, and is picked up once and for all ; and, 
finally, the unsldlled work of the navvy or dock -labourer may 
involve little or no element of learning whatever. 


* Based on the figures given in the L.C.C. Report on the Disinbntion 
and Relations of EducaHonal AUhties (Report No. 1868, P. S. King & hon, 
1917), pp. 38 et seq., cf. also Mental and Scholastic Tests, pp. 147 ei seq. 

* It ;ihould be noted that, with older persons of more than average 
intelligence, a mental ratio is not directly calculable, since hardly any test- 
scales provide or could provide mental ages above 16. In such cases the 
measurement of intelligence lias first to be obtained in terns of some 
statistical unit, like the standard de\-iation or percentiles. But for the sake 

=®arkmg is here expressed throughout m teims of a mental 
ratio, the calculation being based on the assumption that an individual’s 
mental ratio and percentile position are’bonstant all through life 
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The last column of the same table shows the approximate 
percentage of persons following trades or professions belonging to 
each group or ciass.^ The percentages tor the vocalions thus 
classified evince a marked sinularity to the percentages of cluldren 
foiling within successive grades ol intelligence. It is true that 
there is a distinct shortage of positions for the more intelligent, 
and a large excess of positions demanding abilities of a lower 
grade. Thus, under (‘xisting economic conditions, psychological 
methods can hope only to reduce, never wholly to remove, voca- 
tional m^iladjustments. For the rest, in theory" at any rate, to fit a 
person's occiipalion to the degree of intelligence which he inherits 
seems no impracticable ideal ; and it becomes the duty of the 
community, through its schools or other a-gencies, first to ascertain 
what is the mental level of each individual child, then to give him 
the training or instruction most appropriate to that level, and 
lastty, before it leaves him, to guide him into the career for 
which his abilities seom to have marked him out. 

By the aid of mental tests the vocational psychologist is now 
able to measure a child's intelligence with fair exactitude ; but the 
measurernentb themselves can have no value unless the psycho- 
logist also lias in front of him an inventory showdng what 
particular careers are best suited to each particular grade. A 
first approximation to such a list, the best we could compile when 
commencing our investigation, is set out in Table IV. The 
table enumerates in detail the commoner occupations belonging 
to each vocational category. The classification is based partly 
on the employments followed by individuals tested both in 
England and^ abroad during the surveys mentioned, partly on 
the results obtained in testing applicants for vocational guidance 
at the National Institute, and partly on similar examinations 
carried out for various minor inquiries. The purport of this 
classification must not be misunderstood. We do not mean that 
because a man happens to be a factory worker doing unskilled 

^ The classification and the percentages liave been taken, with some 
modification and revision, from the table printed by Burt in a paper on 
"Some Principles of Vocational Guidance’* (BrU. Joinn. Psychol., 
1924, III, p. 349). For the great labour involved in the detailed 
calculations on which the figures are based, the investigators are especially 
indebted to Miss V. G. Felling, formerly statistical assistant at the Insti- 
tute. Once more the figures finally arrived at are to be taken as no tiling 
more than the roughest approximarion. The proportions have been com- 
puted primarily from the figures given in the Onisus returns for T^ondon. 
Unfortunately the divisions and sub-divisions adopted in the Census render 
it at times extremely difficult to reclassify the numbers on any psychological 
basis ; sometimes a single figure in the Census lists has had to be split 
among two or more vocational categories ; and .the only guide 'has been the 
opinion of some expert, familiar wdth the conditions of the trade concerned, 
who could slate what was the usual distribution of employees so described. 

Approximate as they are, we feel that these figures are still worth 
recording. A rough numerical guide is belter than no guide at all, or the 
use of a mere unformulated impression ; and the publication of a tentative 
table may at least stimulate other investigators to a more exact analysis 
of the particular problems raised. 



16 


work his intelligence is of necessity below the average. The 
psychologist would be the first to deny such an inference : he 
knows, if only from his tests, how widely varied are the, degrees 
of intelligence to be found within any single occupation, however 
narrowly defined. Our compilation seeks simply to indicate the 

Table IV. — Classificaiion of Vocaiions according to degree 
of intelligence required. 

Class I . — H'lgher professional and administrative work (montal ratio, 
over 150) : 

Lawyer, physician, teacher (university and secondary), author, 
editor, scientist, actist, cml service clerk (Class managing director, 
company secretary, broker, chartered accountant, architect, analytical 
chemist, professional engineer. 

Class 1 1. — Lower professional^ technical, and executive work (mental ratio, 
K-fO-150) : 

Teacher (elementary), civil service (second division), accountant, 
vsecretary, executive clerk, dentist, veterinary surgeon, reporter, social 
worker, factory superintendent, surveyor, merchant, auctioneer, buyer, 
commercial traveller, technical engineer, designer. 

Class I lx J. — Clerical and highly skilled work (mental ratio, 115-130) : 

Shorthand-typist, book-keeper, bank or office clerk, wholesale sales- 
man, musician, specialist teacher (gymnasium, music, domestic science), 
small merchant, insurance agent, electrician, telegraphist, druggist, 
hospital nurse, compositor, engraver, lithographer, draughtsman, 
photographer, tool-maker, pattern maker, moulder machine inspector, 
showroom assistant, foreman. 

Class I V. — Skilled work (mental ratio, 100-115) : 

Tailor, dressmaker, milliner, upholsterer, engine, tram and bus driver, 
policeman, telephone operator, printer, mechanic, turner, fitter, miller, 
finisher, hand -ri verier, cabinet maker, carpenter, plumber, blacksmith, 
m’ason, farmer, shop assistant, cashier, hair-dresser, routine typist. 

Class y. — Semi-skilled repetition work (mental ratio, 85-100) : 

Fairly mechanical repetition work requiring low degrees of skill, 
poorer commercial positions; barber, welder, tin and coppersmith, 
driller, polisher, miner, furnace man, carter, bricklayer, painter, 
carpenter, baker, cook, shoemaker, textile worker, laundry w’-orker, 
packer (delicate goods), postman, coachman, waiter or waitress, page 
boy, domestic servant (better class). 

Class F 1, — Unchilled repetition work (mental ratio, 70-85) : 

Unskilled labour, coarse manual work : automatic machine worker, 
labourer, loader, navvy, fisherman, fann hand, groom, slater, chimney 
sweep, packer, labeller, bottler, porter, messenger, deliverer, lift boy 
and lift girl, domestic servant (poorer class), factory workers generally. 

Class V I (. — Casual labour (mental ratio, 50-70) : 

Simplest routine work, and occasional emplo3anent on purely 
mechanical tasks under supervisicHO. 

Class VIII . — fnstiiuUona! (mental ratio, under 50): 

Unemployable (imbeciles and idiots), 

avcrai,ge ratios obtained, or likely to be obtained, with tests of the 
type we are using, and so to suggest in the most tentative way 
the kind of calling we should be inclined to advise for any boy or 
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girl reaching the specified ratio. That our tests are imperfect 
we are only too well aware ; and we cannot too strongly insist 
that the fields to which they have been applied; whether by 
ourselves or by others, are stiU far too limited for anything but 
a provisional and hypothetical scheme. 

In the first experiments carried out for this research, the 
intelligence of the children was assessed by means of what are 
called group tests — tests, that is, to be answered in writing by the 
children of the top standards sitting together in class. It was 
found, however, that this method of testing failed to do justice 
to the duller children, and was apt to underestimate those whose 
intelligence expressed itself best of all, not through reading or 
writing, but rather in practical and concrete work. For wider 
surveys we still believe that group-testing will be necessary, if 
only to save time and expense : but it is clear that such methods 
will always have to be supplemented by individual testing, at 
any rate for the more doubtful cases which the group-tests 
themselves would probably disclose. In our main inquiry it was 
eventually decided to limit the tests of intelligence primarily to 
individual and oral testing carried out by means of the most 
recent re\’ision of the Binet-Simori Scale, to supplement this scale 
by a special scale of performance tests, and to experiment with the 
possibility of a non-language group-test, such as w^ould be less 
likely to penalize the poor readers and slow writers. 


m. Intelligence Tests. 

By Winifred Spielman and Frances Gaw. 

{a) ORAL TESTS: (THE BINET-SIMON SCALE). 

Tests Employed, 

The Binet-Simon Tests are probably the most efficient tests of 
general intelligence devised up to the present. A modification of 
the Stanford Revision was used in this investigation.^ 

The children were tested individually. A few minutes conver- 
sation was held with each to put him at his ease ; and then the 
tests were given. The time required was SO-45 minutes for every 
child. In the case of a few children, the range of whose answers 
necessitated a great number of questions, half the tests were 


1 This revision is fully described in The Measurement of Intelligence 
Jby Teiman (published by Gl Karrap & Co.). A roneoed version of the 
Stanford scale revised for English children was already in existence, 
prepared* by Dr. Burt, with the permission of Professor Terman, and the 
aid of many teachers in the Council's schools ; this, with some further 
modifications, was the version employed. 
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postponed till the next day in order to prevent fatigue. As a 
general rule children from the lower standards of the school were 
tak*‘‘n before children from the higher standards to avoid the risk 
of one child coaching another. 

Results Obtained, 

As has been sto ted above, the mental level of a child is most 
conveniently expressed in terms of the Mental Rcitio — that is the 

ratio X 100.^ The results in Tabic V and VI 

Chronological Age 

are summarized in these terms. 


Table V. — Mental Ratios with Binet Tests. 



Highest 

Mental 

Ratio 

Upper 
j Quartile. 

j Median. 

i 

Lower 

Quartile. 

I^owest 

TVIental 

Ratio. 

Whole Group (100 cases) 

■9 


i 

95 

86 

62 

Girls (48 cases) 

mSSM 

109 

95*5 

84*5 

63 

Boys (52 cases) 

■■ 

103 

95-5 

86 

62 


Table VI. — Averages and Variability with Binet Tests. 



Mean 

Standard 

Coefficient of 

— 

Mental Ratio 

Deviation. 

1 

Variability. 

Girls (48 cases) 

96*8 

15-6 

16-2 

Boys (52 cases) 

93-9 

12-8 

13‘7 

1 


The head teachers and class teachers in consultation kindly 
gave a ranking of the children's intelligence with which to compare 
the ranking according to the test results. The correlation (r) 


between these two rankings 


is as follows : 


Girls' School A -93 

» B -53 

Boys' „ A *86 

„ B -83 

„ C *57 

Average Correlation ‘74 


^ For example a child with a chronological age of 13 years and a mental 
age of 14 years (computed from the tests) would have a mental ratio of 
14 

-jg* X lOOaa 108. If he had a mental age of 12 years his mental ratio would be 
12 

Yg X 100 =ss 92^ An average child has a mental ratio of 100, 
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Not much attention need be paid lo tlie fad that the av«-rage 
inenta] raiio is below the American stmdard of 100. Some 
drop is generally found when the Stanford Revision js used with 
older English children. But the figures confinn ihe need for 
a slight readjustment in the age-assignments foj* the individual 
tests, before the scale can be considered valid for London 
children. It will be remembered, too, that many of the brightest 
children had left the schools selected with scholarships to serondaiy 
schools, while but very few had been removed to a special school 

for mental defectives. 

• 

The distribution shows that the girls surpass the boys at the 
upper end of the scale, though they are about equal to them at 
the lower end. The mean mental ratio of the girls is therefore 
higher than that of the boys, and they show a greater standard 
deviation and coefficient of variability. However, the number of 
cases (100) is too small to make any generalisations on the question 
of sex difference. The results of the tests combined for the two 
sexes exhibit an approximately normal distribution, w^hicli, so far 
as it goes, is indicative of the fact that tliey wore suitable for the 
children to whom they were given. The median mental ratio for 
both sexes is the same, viz., 95-5. 

The high correlation between the tests and the teachers' 
rankings shows that this series of tests serves as a fairly 
satisfactory measure of intelligence. It is possible, however, 
tliat both the tests and the teachers’ ranking tend to over- 
stress linguistic ability. At school, intelligence is of necessity 
evaluated largely by linguistic expression, and many of the 
tests require verbal facility. A good vocabulary scores at 
every age from 10 years upwards. Ability to remember 
numbers is perhaps given more credit than is its due. But, 
on the whole, the tests form a very serviceable scale by which 
to measure General Intelligence, especially when vocational 
guidance is being given for occupations in which a linguistic type 
of ability is desirable. 

Vocational Significance of the Results. 

Once the child’s intelligence has been assessed, an important 
step has been taken towards selecting his vocation. The range 
of choice now open to him becomes confined within narrower 
limits. The principle is ob\dous. The degree of intelligence 
which the child displajrs debars him from success in such higher 
occupations as would call for more intelligence than he possesses, 
and at the same time makes it foolish for him to seek lower 
occupations such as could be carried out by others less intelligent 
than he. Take, for example, such work as shorthand and type- 
writing. In an investigation on clerical occupations carried out by 
the Institute, it was found that, in a certain office, the few typists 
having a mental ratio below 105 failed to give satisfaction even 
in the mechanical work of cop 5 dng : clerks with a mental ratio 
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above this level, but below 120, could do routine typing satis-^ 
factorily, but failed in the speed and accuracy of their shorthand 
and in spelling and display : clerks with a mental ratio between 
120 and 135 made excellent shorthand-typists, and the brighter 
could compose business letters upon their own initiative ; clerks 
with a mental ratio above 135 were generally promoted almost 
at once to more responsible work, or else became discontented 
if kept on simple routine work. So for other occupations : for 
nearly every one there is a lower limit of intelligence below which 
the employee is likely to fail, and an upper limit beyotid which 
he is likely to find his mental powers only partly absorbed by the 
duties of his post and consequently running to waste. It will 
be remembered that deductions based on the mental ratios are 
theoretically independent of age ; hence the limits for children 
aiming at these particular kinds of work could be at once laid 
down. 

This, then, was one of the main principles adopted in making 
vocational recommendations. In selecting a suitable career for 
any individual child whose intelligence is known, a tabulated list 
of occupations such as that given above^ is of the greatest value. 
It will be noted, however, that about the middle ranges of intelli- 
gence there is a large percentage of individuals of about the same 
mental level, and a large number of specific trades and occupations 
open to them. Here, therefore, it becomes of supreme importance 
not to rest content wdth an assessment of intelligence alone, but 
to make a further study of the child’s particular aptitudes and of 
his special qualities of temperament and character. 

{b) NON-VERBAL TESTS. 

The Need Joy Non-Verbal Tests in Vocational Guidance, 

There are a number of reasons why non-linguistic or non-verbal 
tests — tests, that is, which are independent of the use of words 
or of language — should be employed in vocational guidance. Many 
occupations depend primarily on specific non-linguistic abilities 
or on general intelligence expressed in non-linguistic terms. In the 
preliminary analysis^ of two thousand children's w^ork-records, it 
v/as found that a large number of boys took up skilled or semi-skilled 
work in manual trades like engineering, while the largest percen- 
tage of the girls found employment in some form of dressmaking, 
in clerical work, or in packing. In all these types of work a 
certain degree of general intehigence is essential ; but, with the 
exception of clerical work, the tasks are non-linguistic ; the 
worker must handle concrete objects in an ef&cient way, and Ms 
work requires him to deal hardly at all with verbal forms of 
expression. 


^ See above, Table IV, page 16. 

^ See above. Tables I and I£, pages 4-7. 
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Again, as we have just noted, the ordinary tests of intelligence, 
such as the Binet-Simon scale, may give an undue advantage 
to a child with facility in verbal expression. Further, many 
tests not only depend on the understanding and use of 
language, but also presuppose a scholastic attitude, and 
appeal almost exclusively to bookish interests. While facility 
in the use of language may usually be taken as evidence 
of intelligence, the absence of such facility cannot be taken 
as evidence of lack of intelligence. The child with a marked 
bent toward non-linguistic activities seldom does himself justice 
in verbal tests ; and for him a series of performance tests may 
prove much fairer, and may give him a more natural medium 
of expression. Even for the child with facility in the use of 
language, it is desirable to use both linguistic and non-linguistic 
measurements, in order to form as complete an estimate as 
possible of his interests and methods of expressing himself. 
Non-verbal tests are almost a necessity in certain exceptional 
cases, e.g., for children who are deaf, who have speech defects, 
or who are unfamiliar with English. With another group of 
children, those termed ‘verbalists,' this need is no less real, 
although less apparent. ‘ Verbalists ' are persons who possess 
a capacity to use language much above their capacity in other 
ways. For the detection of this special ability non-linguistic 
tests must be added, as in verbal measurements alone backward 
subjects of this class may be graded too high. Hence with all 
children, normal as well as abnormal, it is advisable to use both 
linguistic and non-linguistic tests of intelligence. 

In this research two modes of measuring intelligence in 
non-linguistic teims were used — ^performance tests, and a non- 
language group test. 


(i) Performance Tests. 

Among non-linguistic tests of intelligence, performance tests 
are of primary importance. They are essentially individual 
tests. Thus they afford the examiner a better opportunity to 
study his subjects' mental processes than does any non-linguistic 
group test. A performance test may be defined as a short 
mental problem which may be presented, and must be solved, 
in non-linguistic terms. It involves, almost of necessity, a 
manual response from the subject. It is not, however, a test 
of specific manual or mechanical ability, but rather measures 
general intelligence without the direct use of words. In many cases 
performance tests are counterparts of linguistic tests ; and the 
manual movements necessary in solving the former may be taken as 
analogous to the writing frequently required in the latter. Move- 
ments like writing are only a means to an end ; and it would be as 
erroneous to consider performance tests as measurements primarily 
of manual dexterity, as to consider linguistic tests requiring writing 
as measurements primarily of the speed and accuracy of writing. 
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A scale of fourteen perfonnance tests was used in this study. 
The scale was one ai ranged by the psychologists at the Psychopathic 
Hospital in Boston, Mass., U.S.A. and includes part of Pintner 
and Paterson’s scale of performance tests, ^ part of the U.S. Army 
scale, 2 and Porteus’s Maze Test.® The following were the 
particular tests employed^ : 

(1) Healy Picture Completion, Test I. 

(2) Healy Picture Completion Test II . 

These two tests consist of pictures in which holes have been cut, 
removing objects essential to the vanous actions going on. These 
holes are to be filled by the child with appropriate insets. 

(3) Manikin Test and 

(4) Profile Test. 

These two tests consist of pieces of wood which, when correctly put 
together, represent a man, and a man’s face in profile, respectively. 

(5) Cube Construction Test. 

This test involves the fitting together of a number of small cubes 
with sides coloured red and white, so as to form larger cubes with sides 
coloured in a definite way. 

(6) Dearborn Formboard. 

This test is a formboard containing six difierent t5rpes of figures, or 
insets, of simple geometrical shape, which must be rearranged and 
fitted into the board in certain combinations. 

(7) Porteus Maze Test. 

This test consists of seven printed mazes, graded progressively in 
difficulty, through which the child must find the w’^ay. 

(8) Cube Imitation Test. 

In this test, four 1-inch cubes, placed in front of the child, are 
tapped by the examiner in several different orders, which the child 
must reproduce. 

(9) Goddard Adaptation Board. 

This is an oblong -wooden board, containing four circular boles, 
one of which is very slightly larger in diameter than the other 
three. The board is turned in several different positions, alter each 
one of which the child must indicate the largest hole. 

(10) Substitution Test. 

In this test numbers must be inserted as quickly as possible 
for different types of geometrical figures according to a definite key. 

(11) Triangle Test. 

(12) Diagonal Test. 


1 Pintner, R. and Paterson, D. A Scale of FeHotmance Tests, 
D. Appleton <& Co., 1921. 

* Yoakum, C. S. and Yerkes, R. M. Army Mental Tests, Henry Holt 
and Co., 1920. 

® Porteus, S. D., Porteus Tests — the Vineland Revision, Publications 
of the Training School of Vineland, N.J„ No. 16, September, 1919. 

. * For a detailed description of these tests, with results obtained from 
"imeir application to London children, see Gaw, F., JPerformance Tests of 
Intelligence, Industrial Fatigue Research Board, Report No. 31, 1925. 
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(13) Healy Puzzle “ A.” 

These three tests axe small formboards, with recesses which must 
be filled as quickly as po sible with insets of ■various geometrical 
shapes. 

(14) Goddard Formboard. 

This is a large formboard, the recesses ui which must be filled as 
quicidy as possible with appropriate blocks representing simple 
geometrical figures. 

Since performance tests are only short problems — seldom con- 
taining more than five or six steps — it is necessary to use a number 
of such tests, and to combine the results in order to get a mental 
age or mental ratio. The method for doing this in the present 
research has been to translate the scores in each test by means 
of a table of norms into an equivalent mental age, the median of 
these mental ages being taken as the child’s final score. A ment^ 
ratio has then been computed for each child by dividing his 
mental age (as thus obtained with the performance tests) by 
chronological age. These ratios ■will be referred to hereafter in 
this paper as performance ratios. 

(ii) Non-Language Group Test. 

. The second non-linguistic method of measuring intelligence 
used in this study was Pintner’s non-language group test of 
intelligence.^ This consists of a printed booklet containing six 
component tests. It is similar to most other group scales that 
in^volve the use of pict^ures and form relationships ; and requires 
■(he subject neither to say nor to write word®, but simply to 
underline or mark the diagrams. As i egards the method by which 
the problem is presented, this test is almost unique even among 
group tests, in that the examiner must use no words in explaining 
the test, and must convey his meaning through ges'tures, and by 
varib'us simple diagrams and drawings. Pintner’s scale is exceptional 
in yet another respect ; it is suitable for subjects of adult level of 
intelligence as well as for children, while most group tests which 
do not involve linguistic responses are sidtable only for younger 
children. For each part of this test theie is a time limit ; and 
the scoring is in terras of the number of errors made. 

RestiUs. 

The results obtained with the non-lin^stic tests of intelli- 
gence are of two kinds: (1) quantitative results, expre^d 
numerically and concerned with the extent to which various 
pbilitif-s are measured; (2) qualitative results, concerned with 
the nature of the processes elidted, and with characteristics 
that cannot be expressed in sta^tistical terms. 

The first series of results— those called quantitative— are 
summarised in Tables VII to IX. Table VII shows the scores 
in each of the performance tests b y this group of elementary 

iPintner, R. ‘A Non-Langnage Group Intelligence Test.’ J. of App. 
Psych., m. (1919), pp. 199-214. 



Table VII. Marks obtained in Performance Tests of Intelligence^ 
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Norm. 

(Median score expected 
for children aged 13*0-* 
14-0) 

Actual Score {Elementary 
School Children). 

(Median score actually 
obtained by children 
aged 13* 0-14*0) 

Percentage of Subjects — 

Above norm 

Below norm 


^All the children (52 boys and 48 girls) were given all the tests except the Dearborn Formboard, which was given to 31 boys and 

to 24 girls only, 

*In these tests the smallest number indicates the best score and the highest degree of success. 
sThe median score actually obtained by the elementary school children was the maximum score in these two tests. The percentages 
here given (70 and 87 respectively) refer to the children who passed with the maximum score. 
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school children ; the scores are compared with the norms — ^that Is, 
the scores to be expected from a group of children aged 13 ‘5, 
according to the standardization of the tests. As the norms for 
performance tests were worked out for boys and girls together, 
the results are not separated for the sexes in this table. The 
third and fourth lines in the table show the percentages 
rising above and falling below the norm for each test. In 
these tests the norm is the median score found for a 
large number of American children, on whom the tests were 
standardized. By the definition of a median, the scores oi 50 per 
cent, of these subjects must have been above the norm, while the 
other 50 per cent, must have been below the norm. Hence, ii 
the tests were perfectly standardized for the present group of 
children, half of them w^ould have scores above the norm, and 
half below. From Table VII it will be seen that the scores are 
approximately distributed in this way for seven tests, t’w., Cube 
Imitation, Goddard Formboard, Hedy A., Picture Completion 
Test II, Triangle, Diagonal, and Substitution. In these 
tests, then, the children made records as good as could be 
expected for their age. 

The distribution above and below the norm is not equal, 
nor nearly equal, in the other seven tests. In three of these (the 
Cube Construction, the Dearborn Foimboard and the Portciis 
Test), too few children make scores above the norm. This may 
be because these three are too difficult for children of this age, or 
because the present group of children are backward foi lUeir age. 

There is some reason to believe that both causes are opera- 
tive. The norms for Cube Construction and Dearborn Foimboard, 
which were adapted from the U.S Army performance scale, appear 
too difficult. In the Porteus Maze test, however, this group 
of children probably shows its sub-normalily, since other re- 
searches with London School children^ have shown the 
standardization of these tests to be satisfactory. In the three 
remaining performance tests (the Adaptation Board, Manikin and 
Profile), the percentages above the median are so large as to 
suggest that these tests are too easy for normal children of 13' 5. 
This is not surprising in the first two. In the Manikin and 
Adaptation Board the maximum score is considered compatible 
with any mental age at or above 8, so that these two tests 
do not discriminate between normal children of 13*5. The 
Manikin and Adaptation Board are, therefore, included in 
this series of performance tests mainly as a check on the other 
tests ; applied to most of the children they have but a negative 
significance ; they can be taken into account only when the 
child falls short of the maximum score. It is difficult to explain, 
however, why English children should be twice as quick UvS 
American in the Profile Test. There seems to no common toy 
or scholastic exercise specially familiar to English children v/aich 
would account for their marked superiority. 

^ See Burt, C. Mental and Scholastic Tests, L.C.C. Reports, 1921, p. 243. 
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^ The boys' mean scores were subtracted from the girls for this line ; a plus sign cannot always be taken as indicating superiority, 
however, since in certain tests (see Table VII.) the smallest number is the best score. 

* Percentage obtaining a better score, whether greater or less numeiically. 
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Table Vlfl shows the differences between boys and girls in 
the perfoimance tests. iUthough the mental ratio obtained by com- 
bining these tesis is almost the same for both boys and girls, ifi 
tiic separate tests the sex -differences are sometimes well-marked ; 
in the Profile, Picture Completion I, Tiiaiigle and Diagonal tests, 
the boys excel ; in Cube Imitation (if the difference between the 
means is to be trusted), the girls excel. It may be that the 
diffeicnces between boys and girls in performance tests si/nply 
illustrate some of the sex-ditlerencec- found by Burt, Terrnan, and 
others—^hal while girls excel in tests of a linguistic type, boys 
excel in tests of a perceptual oi motor ana that girls 

usually excel in memory and imitation, while boys usually excel 
in reasoning.^ 

In the non- language group test the aveiage score for the thirty? 
boys tested was 107. In Pintner's results scores of 80 to 100 are 
given as being ' veiy good.” No age standardization for this 
test was available. 

Table IX. — Cmdaiions of Performance Tests and Pon-Langtiage 
Group T.^st unih other Estimates of Tnldligimcc. 




sUmateo of Intelligence. 



Mental 

Ratios 

(Performance 

Tests,) 

Mental 

Ratios 

(Binet 

Tests.) 

Non- 

Language 

Group 

Tests.® 

Teachers* 

Estimates. 

Correlation with Mental 
Ratios (Performance 
Tests) — 

Boys 

Girls 


•41i:’07 

•48±*07 

•5it-09 

•35d *08 
•42±*08 

Correlation with Mental ' 
Ratios (Bmet Tests) — 
Boys 

Girls 

•414-‘07 

'4S±*07 

i 

1 

•40±-10 

•71di’04 

•73±*05 


^ Tbis test was given to 30 boys only. 


Table IX shows the correlations of the performance and non- 
language group tests with other estimates of intelligence. The 
performance tests, the Binet tests, the group tests of intelli- 
gence and the teachers' estimates are all correlated appreciably 
one with another. That the Binet tests correlate more highly 


1 Burt, C. Mental and Scholastic Tests, L.C.C,, 1921, p. 196. 

2 Terman, L. M, The Measurement of Intelligence, j. Harrap & Co., 
1919, p. 71. 

Burt, C. ‘ Development of Reasoning in School Children.* /. Epsp, Fed, 
V (1919), p. 122; and * Mental Diferences between the Sexes/ Ibid. I 
(1912) pp. 362 et seq. 

( 17835 ) ^ 
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with the teachers' estimates than do the performance tests, and 
less highly with the non-language group test of intelligence, was 
to be expected. Both the Binet tests and the teachers' estimates 
seem to have a marked linguistic bias ; while the non-language 
group test has no such bias, and further resembles the performance 
tests in that form relationships enter into several parts. It is 
noteworthy that the correlations between performance and 
Binet tests, and between performance tests and teachers' 
estimates, are very nearly the same for boys and girls. 

For performance tests, even more than for linguistic tests, to 
find adequate criteria of intelligence is most difficult. To evaluate 
hon-lihguistic tests by comparing them with linguistic tests alone 
would be futile. It is true that a high correlation between a non- 
linguistic test and the Binet scale, for example, could be taken as a 
practically certain indication that the former test measures general 
intelligence ; but the reverse, that a non-linguistic test and the 
Binet scale do not correlate highly, cannot be taken as evidence 
that the former does not measure intelligence. The two types 
of test — ^linguistic and non-linguistic — seem to measure different 
aspects of intelligence ; and some might be disposed to argue that 
there is as yet no conclusive evidence that linguistic processes 
correlate more highly with an individual's inborn general ability 
than non-linguistic. The other obvious criterion — ^the judgment of 
the teacher — ^also has its drawbacks ; it not only depends on the 
personal impressions of a fallible individual, but is very apt to 
be biassed by a knowledge of the child's school attainments,* 
which themselves in turn depend upon linguistic rather than 
non-linguistic abilities. 

Further results from performance tests — ^results which might 
be called qualitative — ^wiU be found in another section under 
temperamental considerations. 

Taken in conjunction with the Binet tests, the non-verbal 
tests of intelligence were found to be valuable in giving a more, 
comprehensive estimate of intelligence than either type of test — 
verbal or non-verbal — ^alone would have given. More particularly, 
they proved to be of special service in picking out boys and girls., 
with a general non-verbal bent. Many children, whose records in 
linguistic tests were poor, did much better in the performance 
tests, and showed latent capacities which, but for these tests, 
might have been overlooked. 
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IV. Scholastic Tests. 

By May Smith. 

The scholastic tests employed were those standardized by 
Dr. Cyril Burt^; and consisted of reading, spelling, arithmetic, 
writing and drawing tests. The standards have been obtained by 
the examination of about five thousand children; and norms 
have been established for each age. 

As has been noted above, the children tested in the present 
research were to leave school \vithin a short period of doing the 
tests; hence they were all either 14 or nearly 14 years of age. 
Each was, therefore, examined first with tests that were well 
within his grasp, namely, those for age 12 ; and success or failure 
at these determined the succeeding ones, a continuation either 
to those for ages 13 and 14 or to those for age of 1 1 and so on. 

Handwriting. — ^The examination was an individual one and not 
a group test. The children were asked to write as many times as 
they could, and in their easiest style, the sentence — " Mary had a 
little lamb.” The number of letters achieved in 2 minutes was 
the measure of success. Speed alone was taken into account in 
calculating the correlations ; quality and legibilily (which may be 
aasessed by comparison witli standard specimens) were considered 
only m those cases in which the cliild wa.s likely to enter an 
' occupation requiring a clear and legible hand. 

Calculation. — ^To test speed and accuracy in arithmetic each 
child had 4 sheets on which weie printed respectively 50 addition, 
50 subtraction, 50 multiplication and 50 division sums. Five 
minutes were allotted to each sheet, and the child was instructed 
to work as rapidly as possible until told to stop. The number 
of correct figures done in the prescribed time was taken as the 
score. In evaluating the final mark, the four rules were taken 
together. There were a few cases of marked facility in one rule 
with weakness in another ; some children expressed a decided 
I preference for one rule, though this preference did not invariably 
represent any special facility with it. The children who had 
considerable difficulty with arithmetic seemed for the most 
part to be somewhat fatalistic about themselves; and the 
remark, “ I never was any good at this,” sometimes coupled 
with the explanation that some older member of the f^ily was in 
the same plight, was frequently made. One cannot avoid the feeling 
that special disability in one school subject and particularly in 
arithmetic — z. disability too often accepted with an unreasoning 
acquiescence — ^would re-pay skilled psychological investigation. 

Mental Arithmetic. — The test of oral arithmetic (as distinct 
from the test of speed in arithmetic) was free from a time limit. 
For the purpose of this test the standard was the actual number 

1 Burt, Handbook of Tests for Use in Schools, P. S, King & Son, 
Ltd., 3s. 64. 

C2 
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of correct answers for the particular age. Individual differences 
in method of working were more marked in this test than in the 
others Some children fixed their eyes at a point outside them- 
selves, and saw the figtares as a ciear-cut mental image, in a few 
cases with such clearness that they felt no disadvantage as against 
an actual representation on paper. Others vigorously made 
imaginary figures on the table in front of them and to an observer 
at a distance would have appeared as if actually working on 
paper. Some, and these felt distinctly handicapped, complained 
that they could not keep the figures still , that as soon as they had 
worked one in their heads ” and fixed it, it wiped itself out, 
or flickered. Althoijgh perljaps not a necessary factor, certainly 
a good capacity for visualising figures is an advantage in worldng 
oral arithmetic, A few children shot out answers almost as soon as 
the problem had been stateid. This rapid answering seems to be 
typical of a certain kind of temperament, for while it is sometimes 
allied with extraordinary accuracy, it was found even more 
frequently among habitual guessers who were more often wrong 
than right. Such children v/ere, as a rule, but dimly aware of how 
tliey worked. Here, as elsewhere, careful notes were kept of each 
child’s method of working, and often proved suggestive when the 
time came to decide what kind of employment he should be 
recommended to follow. 

Spelling . — Spelling was tested hy a graded vocabulary test 
No time limit is placed upon the child for this test. 

Drawing , — As a test of drawing each child was asked to draw 
“ a man/* no special type being suggested. Owing to the obvious 
effeminacy of the men ” drawn by the girls at the first school 
tested, at the other schools each child was asked to draw both a 
man '* and a woman/' 

The children all seemed interested in the tests and quite 
willing to do them. Most of them showed no undue fear of 
authority as represented by the teachers or (for the time being) 
by the experimenters. 

Table X gives the actual average scores for each school, 
and their probable errors, together with the standard deviation 
(S.D.) and the co-ef&cient of variability (C.V.). The co-efficient 
of variability gives the vaiiability expressed as a percentage of 
the mean, and enables a comparison to be made regardless of tlie 
actual averages, which differ according to the possible number 
of marks obtainable. Consideration of these co-efficients indicates 
that in Reading, Dictation, and Writing, the children vary less than 
they do in either Oral or Speed Arithmetic. The average variation 
for Reading and Dictation is about 10 (v/ith one exception) ; for 
any of the speed Arithmetic tests the variation is about 30 and is 
highest tor Division. It should be observed that School B (6), 
unlike the other schools, contained several children very much 
below the average in ability, whether that ability was estimated 
by Scholastic tests or by Intelligence tests. 



Table X . — Marks obtained in Scholastic Tests. 
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The connexion between ability in one school subject and 
ability in another is of special interest, and is best illustrated by 
a table of correlations. For the purpose of correlation the four 
rules of arithmetic have been taken together and called speed 
arithmetic, the emphasis here being on speed and mechanical 
accuracy as contrasted with the test of oral arithmetic where 
there was no time limit and where most of the sums were of a 
problem type. 

The verdict of the head teacher on the order of the children 
for intelligence was also obtained, and has been used in 
Table XI. 

Table XI . — Correlations between Scholastic Tests at the different 

Schools. 




School A. 

School A. 

School B. 

School B. 

School C. 




Girls. 

Boys. 

Girls. 

Boys. 

Speed Arithmetic and — 

Oral Arithmetic 

‘50J--n 

•83 d: -04 

•51d:‘12 

*70i:-07 

•71 ±-08 

Wntiiig . . 


•68i‘08 

■37±-12 

•48d:'l2 

•41 d: ' 1 1 

•44i:-13 

Reading 


•48±-ll 

•59i--0P 

•43±-13 

•31d:-12 

•09i:-J6 

Dictation 

• « • 

•36±:-i2 

•63 d: -09 

•55d: * 11 

•43d:*n 

-•04i;-16 

Headleacheris 

Estimate 

■33 d; -13 

•76d:‘06 

•38d:*14 

* 57 d: ‘09 

•63J:'09 

Oral Arithmetic and — 

Writing 

■51d;*n 

•43 d: *12 

•17d:*16 

•48 dr *10 

•18d:*18 

Reading .. 
Dictation 

• • * • 

*41±*12 

* 80 d: '00 

•64d:'10 

•41d:'n 

- e9i;'I5 

4 « ■ 4 

•2S±-13 

•67d:-08 

•58d:*n 

•26d:‘I*3 

-•23d;*lS 

Headteacher’s 

Estimate 

•30d;‘13 

•63±*09 

•80d:*O6 

•67d:-07 

*56d: * 11 

Writing and — 
Reading 


•4Si:-Il 

•59d;‘09 

•32 d:'I5 

•■09d:-I4 

•26d:‘15 

Dictation 

r 4 

*24d;*13 i 

• eOdr'OS 1 

•32d:*15 

•I3d:‘I3 

‘44d:'13 

Headteacher’s 

Estimate 

•42d;‘12 i 

•13d:'iS 

•08±‘16 

•36d:'12 

•31d:*12 

Reading and — 
Dictation 


■72d;-07 

•S3 dr *04 

•82d:‘07 

•85d:-04 

•72d:’08 

Reading and — 
Headteacher's 

Estimate 

•59d;*09 

•20±-14 

•67d:*09 

•28d;*12 

•21i:-16 

Dictation and — 
Headteacher’s 

Estimate 

■54d:-i0 

•26d:'14 

•57±-n 

•27d:'i2 

•26d:-15 


Scrutiny of the above table will show that the coefficients az‘e 
fairly consistent from one school to another. In each school there 
is a correlation of more than *50 between the two types of 
arithmetic, an interest in and an ability to manipulate figures 
being probably the common factor ; there are however, individual 
exceptions. Except in one school, the headteacher’s estimate of 
the child’s intelligence and the child’s ability to do oral aiithmetic 
seem to be closely connected, the correlation being over -^5. 
In each school dictation and reading correlate highly, the ^co- 
efficient being over -70. There is throughout a fairly close 
connexion between ability to do one school subject and another, 


( 17665 ) 
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In Table XII are given the average correlations of the various 
school subjects with one another and also with Ihe Intelligence 
Tests, the Performance Tests and the Tests of Mechanical Ability^ 
Both speed and oral arithmetic correlate highly with the Binet 
Intelligence Tests ; and there is a fairty high correlation between 
the Binet tests and dictation. 

It is interesting to note that the tests of Mcchanica] Ability 
show practically no significant correlation with ihe scholastic tests. 
Children weak at scholastic work often prove to have considerable 
ability in other directions, which, unless it is specifically tested, 
may pass unrealized ; yet it may be an ability of C(3nsiderable 
importance from the point of view of earning a living, quite 
apart from the advantage to a child to find that after all there 
is something at whicli he can excel. 

Too much stress should not be laid upon coefficients obtained 
from a group so small. Yet, so far as they go, the correlations 
are entirely consistent with T)r. Burl’s suggestion that educational 
attainments involve, bcbides general iuteiligence, at least thiee or 
four specific capacities that are relatively independent.^ The two 
literary tests — reading and dictation — ^ykld the highest correla- 
tions in the table. The two arithmetic tests correlate almost as 
closely one with another, particularly among the girls. Drawing 
seems to stand apart from the rest. Further, it is of interest to 
note that the two speed tests — ot speed in arithmetic and of speed 
in handwriting— show a kind of cross-relationship. It would, 
however, plainly be precarious to make inferences from 
success in one subject to success in the others. Hence, ^ it is 
clear that, in offering evidence on the child’s fitness for particular 
occupations, the teacher or education authority should never be 
content with assigning a single all-round estimate for educational 
attainments generally, but should also indicate in what type of 
work the child does best or worst— whether in literary subjects, 
in manual subjects, or in calculation, or in tasks requiring speed 
rather than accuracy and thought. 

Individual Studies. 

A comparison between different subjects for individual 
children can be made by assuming that the average mark for 
each subject is 100, and so reducing each mark originally obtained 
to a percentage of the mean.. This obviates to some c?:tent the 

^ For a deiinihon of mechanical ability and the manner in which it 
has been tested, see below, Section V, pp ^>9-42. 

2 Distribution and Relations of Educational Ahiliiies (L.C.C. Report, 
1917), pp. 58'-9. In that report the unevenness of particular children 
in particular subjects is dwelt upon mainly from the standpoint of 
education. But it is evident that such special abilities are of vocational 
significance too. As will be indicated later, great unevenness is not at all 
common ; but even a slight superiority or a slight inferiority in one 
particular branch may in the long run make all the di€ereiice to success 
or failure in the career selected. 
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difference of scale which arises when the children’s performances 
are simply marked in terms of the number of words or sums 
correctly written or worked. 

From the* 48 girls and 53 boys available for this investigation 
a selection was made of those who fell within the first five places 
in their respective schools for each subject, which yielded 3 girls 
and 5 boys, i.e., each of these had a position not lower than &th 
for each subject. The marks are contained in Table XIII, the 
figures being given in terms of a mean of 100. 


Table XIIL — Marks of Children showing High Ability in 
Scholastic Tests, 


Children 

Tested. 

Addition. 

- 

CD' 

Subtraction. ^ 

Multiplication. § 

_ _ S 

Division. 

Oral Arithmetic. 

Reading. 

Dictation. 

Writing. 

Average. 

Boy (1) . . 

141 

131 

122 

123 

98 

101 

102 

102 

Hi 

» (2) ^ . 

185 

175 

137 

187 

105 

97 

100 

102 


» (3) . . 

141 

114 

105 

109 

85 

100 

102 

120 

im 

,, (4) . . 

■En 

114 

83 

106 

91 

99 

100 

no 

104-7 

(5) . . 

138 

101 

144 

136 

96 

106 

104 

127 

119-0 

Girl (1) . . 


126 

122 

85 

96 

103 

102 

132 

122-2 

(2) . . 

128 

164 

156 

138 

95 

102 

103 

160 

130-7* 

(3) .. 

162 

185 

149 

106 

85 

105 

101 

125 

127-2 

Average 

155-2 

138-7 

127-2 

124 

93-9 

101-6 

101-7 

122-2 



It will be seen that one boy and one girl (each marked with an 
asterisk) exceed the mean by 30 per cent. The girls’ chief success 
is in speed of writing ; they are below the average in oral arithmetic 
(only a single child being above average in this test), and 
above the average in reading, dictation and writing. Boy (2) 
is a very obvious instance where the special ability thus 
revealed should be taken into account before the child’s career is 
decided. Such a boy would do well as an accountant or ledger- 
clerk, but only poorly as a clerk 'whose chief duties were to read 
documents, write letters, or take down matter from dictation. 

Taking the averages for each subject it will be seen that the 
earliest rule learnt, and hence probably the most stable — namely, 
addition — ^is the one in which all excel. Oral arithmetic, on the 
other hand, has by far the lowest average : of all the scholastic 
tests it was certainly the least mechanical, and hence allowed for 
much individual variation ; it is also the one most likely to be 
upset by unusual conditions. 

^ Table XIV gives the marks obtained in each subject by the 
children with the lowest averages in the scholastic tests. 
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Table XIV. — -Mayks of Children showing Low Ability in 
Scholastic Tests, 


Children* 

Tested. 

Addition. „ 

CD 

P. 

Subtraction. 

b 

S' 

Multiplication. B 

a 

Division. 

Oral Arithimetic. 

Reading. 

Writing. 

Dictation. 

Average. 

Boy (1) 

30 

9 

23 

2 

34 

34 

73 

19 

28*0 

„ (2) .. 

44 

41 

34 

15 


35 

62 

18 

35*7 

(3) .. 

82 

100 

69 

92 

89 

96 

98 

97 

90*3 

(4) .. 

76 

91 

68 

66 

77 

82 

78 

101 

79*9 

(5) .. 

85 

94 


83 

90 

KM 

78 

97 

84*6 

Girl (1) .. 

47 

68 


42 

44 

76 

78*5 

8S 

64*2 

„ (2) .. 

112 

92 


47 

61 

78 

96 

89 

81*8 

.. (3) .. 

41 

66 


34 

62 

81 

94 

86 

64*2 

„ (4) .. 

75 

37 

70 

55 

54 

79 

85 

71 

65-7 

(5) .. 


94 


55 

67 

67 

98 

61 

81*6 

Average 

69-5 

69*2 

64-2 

49*1 

61-5 


B| 

72-7 



The first two boys are obviously very much below the level 
of the rest of this group, although, in point of fact, the group 
includes all those who are at the bottom of their respective schools. 
They are so gravely retarded, that it is doubtful how much com- 
prehension they have of any school subject. Their highest scores 
are in both cases in that subject demanding the least intelligence, 
viz,, speed of writing. Five of the other children {viz,, B.l, 2, 
G.l, 3, 4) are more than 30 per cent, below normal. 

In nd case out of the 100 tested was there marked superiority 
in one subject and marked inferiority in another. Those most 
nearly approaching this are given in Table XV, but it is rather 
a question of inferiority in some one subject allied with mediocrity 
in the others. 


Table XV. — Cases of Inferiority in One Test associated with 
Average Ability in the Remainder, 


— 

Speed Arithmetic. 

.9 

1 

Writing. 

Reading. 

Dictation. 

1 

> 

(t 

Addition. 

Subtraction. 

Multiplication. 

i 

i 

1 o 

Boy (1) 

144 

1 

113 

1 

96 

140 

1 

98 

88 

1 

82 

! 

94 

82-144 

(2) 

103 1 

35 

68 

38 

69 

100 

too 

102 

35—103 

Girl (1) 

69 

48 

62 

17 

54 

75 

103 

100 

17-103 


87 

68 

48 

60 

93 

83 

104 

97 

48-104 
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The arithmetic of B (1) is on the whole better than his other 
subjects : B (2) is singularly weak in subtraction and division, the 
latter being probably dependent upon the former — indeed, with 
the exception of addition all his arithmetic is poor, tnough his other 
subjeds are quite up to the average.. G (1) similariy is weak in all 
the tests of arithmetic but obtains average rnatks for reading and 
dictation, G (2) can hardly be described as weak except in the 
multiplication. As a rule, at this age and with this group, if there 
is a v/eak subject, that subject is arithmetic in one of its forms. 

It is clear that children showing marked inferiority in the 
scholastic tests as a whole are not likely to do well in occupations 
demanding for their success speed and accuracy in the use of 
numbers or words. Their success may probably lie in other 
directions : but this can only be determined by tests going 
outside the range of the ordinary school examination. 


Vocational Signijicancc of the Tests, 

The value of these standardized scholastic tests to the voca- 
tional ad\iser must be obvious without further coninient. Baok- 
waT'dness in reading, slo^TOess or inaccuracy in taking in the gist of 
printed matter, is an evident disqualilication for whole groups of 
commercial occupations. Confusion in mental arithme tic would be 
fatal to the shop assistant ; slowness and inaccuracy in paper- 
calculations would be a hopeless handicap to Ihe bank-clerk or 
accountant. In spite of the advent of the typewriting machine, 
a quick, neat, and legible haird is still a necessity for many clerks : 
and proficiency in dra\ving is equally necessary for a fashion-plate 
artist or a draughtsman in an engineer's office. Again and again 
considerations such as these, based on definitely ascertained test- 
performances, compelled us to dissuade a boy or girl from enteiing 
a career to which he had taken a fancy and for which he was 
nevertheless entirely unfit. It might be thought that the teacher's 
opinion would forestall the need for specific testing. But too often 
the teacher's opinioir is founded on mere personal impression, 
roughly formulated in non-nunierical teniis, and determined by 
standards that fluctuate enormously from school to school : all 
this, indeed, the teachers themselves are the first to point out. On 
the other hand, tests already standardized, like the foregoing, can 
be applied not only in school, but also in tlie office or factory : so 
that w’hat is required in trade oi in business can be precisely ascer- 
tained beforehand.^ We may add that the tests here used seemed 
adequately fitted to our purpose : we should orily be inclined to 

^ To give but one striking instance : at a shorthand institution in the 
neighbourhood we iound that approximately a quarter of the girls were 
being sent lor training as shoithand-typists (often v,dth the knowledge and 
advice of the school-teacher) who nevertheless were unable to spell many 
of the stock "words of a business-letter and further were demonstrably 
incapable even of learning such spdJing by any ordinary methods within 
the ordinary period of time. 
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append to our series a lest of English composition,^ at any rate for 
individiiais proposing to take up an occupation in which ability to 
draft a letter or frame a report is an essential qualification. 


V. Special Abilities. 

By Winifred Spielman and Frances Gaw. 

(£?) Tests of Mechanical Ability. 

^ ( b ) Tests of Constructive Ability. 

In many of the occupations entered by young people, 
particularly in the engineering occupations taken up by older 
boys, certain capacities which may be broadly designated 
mechanical ability and constructive ability seem to be essential. 
Whether such abilities really exist, hovv they are to be defined, and 
to what extent they are truly specific — these are questions that can 
best be discussed after the tests emploj^ed have been described. 

Three tests of mechanical ability and one of constructive 
ability were used in this investigation. Of the tests of m'^chanicai 
ability, two were Stenquist^s Assembling Tests, vSeries I and 
and one was Healy's Puzzle Box.® For estimating constructive 
ability Kelly’s test was employed.'^ 

The Stenquist Test, Series I, consists of ten common mechanical 
objects — such as an electric bell, a mouse-trap, a ciothes-pin — the 
parts of which are given to the child, who is to assemble them. 
Series III is similar to Series I, except that it is much easier: it 
includes such objects as a bolt and nut, a trunk castor and a plain 
push-button. In both of these tests the scoring is based upon the 
number of objects successfully assembled (or partly assembled), and 
upon the total time taken to complete the series. 

The Healy Puzzle Box is a wooden box with a glass top and four 
holes cut in the side and bottom. It is fastened by a somewhat com- 
plicated system of cords and rings slipped over pegs within the box. 
The problem for the child is to open the box with the aid of a button- 
hook which he may insert in the holes. The time taken to open the 
box determines the score. 

Kelly *s test of constructive abihly consists of a number of small 
wooden blocks and pegs of difierent sizes and shapes. The child is 
told to build whatever he pleases, and to do it as well as he can. Hence 
he must invent his design, as well as carry it out. His score depends 
on the excellence or merit of the strucuures that he builds. Of merit 
there are many different levels, each illustrated by a photograph of 
an actual specimen. The examiner must assess the merit of the 
structures built during the test by comparing them with tins 
standardised series of photographs. 


1 The difhculties of measuring or marking English compositions have 
been fully discussed by Ballard {The New Examiner, pp. 52 ei $eq,) ; 
for possible methods, see Burt, Mental and Scholastic Tests, pp.’330 et seq. 

® Stenquist, J. L,, Measure ments of Mechanical Ability, . Bureau of 
Reference, Research, and Statistics, Bd. of Education, N.Y.C, 

® Healy, W. and Fernald, G. M. ‘Tests for Practicrtl Meatal Classifi- 
cation,* Psy. VoL XIII (1910-11), pp. 1-54. 

Kelly, T. Lv ‘A Constructive Ability Test,' /. of Ed. Psy,, VoL VII 
(1916), pp. 1-16. 
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No tests designed primarily to measure manual dexterity were 
introduced into this study. But indirectly this ability, was 
measured in neai'ly all the tests of mechanical and constructive 
ability. In these tests the subject must not only understand and 
recognise mechanical relationships ; he must also have the 
dexterity, the deftness, the control of his hands necessary to put 
the pieces together. 
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Ail the 100 children were given the Stenquist Test, Series HI, 
and the Kelly Test of Constructive Ability. As the Stenquist test. 
Series III, proved rather difiicult for the girls, the two harder 
mechanical tests, Stenquist Seiies I, and the Puzzle Box, were not 
given to them. 

Resulls. 

Table XVi shows the scores of these children in the 
mechanical and constructive ability tests, as compared with the 
scores made by other children tested elsewhere. It will be seen 
that in the Puzzle Box the boys do practically as well as other 
English boys of the same age,^ and make a record only slightly 
lower than that reported by Healy foi American buys.® This may 
be, however, because Healy's subjects weie of a somewhat higher 
social status than those in this study. 


Table XVII. — Sex differences in Tests of Mechanical Ability and 
Tests of Constructive Ability. 


— 

Mechanical 
Ability’^. 
Stenc^nist, 
Series III. 

1 

Constructive 

Ability. 

1 Kelly Test. 

Sex differences in mean scores^ . . 

~12*59 

-24*06 

Probable error of differences 

± 2*06 

± 4*99 

Standard deviations — 


43*70 

B 037 S 

18*43 

Girls 

11*66 

29*83 

Sex difference as multiple of standard 

- *68 

— . *55 

deviation of the boys. 

Percentage of boys in excess of girls’ 

78*8 

65*5 

mean score. 




1 Boys’ mean scores subtracted £com girls’. 


Table XVII sho\vs the differences between the sexes in 
the mechanical and constructive ability tests. The numerical results 
in the Kelly test may perhaps be rather rnisleading, since the mark- 
ing appeared to favour boys rather than girls ; and the photographs, 
by comparison with which the marking is to be done, include 
pictures of few structures built by girls. It was found that more 
than half the girls tended to build rather homely domestic 
structures ; while the boys often reproduced some object of a 


iTiie data for these latter are taken from *A Study of Practical 
Ability/ by M, MacFarlane (Brit. Journ. Psych., Mon. Sup., III. viu, 
Cambridge University Press, 1925). 

a Healy, W., The Individual Delinquent, (Little, Brown & Co., 1915), 
p. 108. 
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mechanical type. Owing to the omission of photographs of 
structures built by girls, the examiner is forced to mark the girls' 
performances by* criteria v/hich are laigely subjective; hence 
his marking is probably much less accurate for girls Ilian for boys. 

In tests similar to those here under discussion, three kinds of 
nondinguistic processes may apparently be involved ; those 
elicited mainly in tests of mechanical ability, those elicited mainly 
in tests of motor ability (or more specifically manual dexterity), 
and those elicited mainly in tests of constructive ability. Each 
of these is important in occupations of different kinds ; and it is, 
therefore, instructive to note the relation between these four types 
of processes. There seems to be a fundamental difference betw'een 
mechanical ability and motor ability’'. The fonuer can be con- 
sidered as more of an intellectual function than the latter ; 
mechanical ability involves recognizing, understanding and 
recombining mechanical relationships. It ranges over a great 
many different levels ; and is the same in kind, if not in degree, 
whether found in a motor mechanic or in a highly trained engineer. 
Motor ability, as yet almost as much of an unknown quantity as 
mechanical ability, may be said to include the various forms of 
conscious muscular control. The foiin perhaps which has been 
studied more than any othef is manual dexteritj^ This term may be 
used to mean control of the hands and fingers, deftness and skill 
in manual movements, a kind of neat-handedness or neat- 
fingeiedness,^ Thus defined, manual dexterity is obviously less 
of an intellectual function than mechanical ability. An 
example may make this distinction clearer. One article to be 
assembled An a part of the Stenquist Test is a mousetrap. 
To put the parts of the trap together successfully involves two 
things. First, the subject most see where and how the various 
levers and springs fasten, and secondly he must actually put them 
into place and fasten them. For the second part of the task 
he must hold certain parts of the trap without letting them slip 
while he puts others. together. Thus the first part of this test 
involves mechanical ability, while the second involves a specific 
form of motor ability, namely, manual dexterity. 

Tests of constructive ability almost always involve cither 
mechanical ability or motor ability or both. The chief way in wdiich 
non-linguistic constructive ability differs from these two seems to 
be this : it includes, apparently, another element, the factor of 
creating something new with the material given. Conceivably 
certain tests of constructive ability and of mechanical ability may 
hardly differ at all, except that in the former the emphasis is 
placed upon the originality of the thing constructed, while in 
the latter it is placed upon the ingenuity and perfection of the 
actual process of construction. However, a test of constructive 
ability need not involve mechanical ability of any high degree. 

> ^Whether there is a central or specific capacity entering into all forms 
of so-called manual dexterity has been doubted by many investigatoi*s : 
see below, page 57, 
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In addition to the figures shown in the tables, there are other 
results, involving all lour kinds of non-linguistic processes, which 
cannot he expressed statistically" ; these results may be called 
qualitative. Of thebe, the chief is the appearance of two types 
of reacLion, or methods of expression, a linguistic and a non- 
linguistic. Se\'erai extreme instances of these two types, which 
appear to exist independently of sex, were observed. For 
example, one child W’ho did w'cll in the performance tests and 
tests of mechanical ability, and whose manual dexterity and con- 
structive abilitj^ and record in the dressmaking tests were good, 
nevertheless did poorly in the Binet Test and in tests of scholastic 
ability. The home report as to her hobbies, leisure pursuits and 
general interests W’as quite in accord with her perfonnances in 
the tests, e g , her chief forms of anmsement were of a practical 
rather than of a verbal typ^e. In certain types of work, e.g., 
clerical work, a high mental ratio in the Binet tests seems 
necessary, while the mental ratio in more practical tests is less 
important. On the other hand, for work such as domestic service 
and certain factory operations a comparatively good performance 
in the manual tests seems desirable, even though the mental 
ratio in the Binet tests is iio more than average or even below 
average. Hence, it appears essential in vocational guidance, not 
only to test general intelligence in non-liriguistic terms, but also 
to observe the distinction betw^een specific linguistic and non- 
linguistic capacities. 

(c) Tests of Creative Imagination. 

Purposive creative imagination is exercised, when, by a 
conscious effort, ideas, memories or images are dissociated, modified 
and recombined to fomi a new and original whole which fulfils the 
requirements of a given situation. Some measurement of this 
ability is useful w^hen giving vocational guidance, for it is 
obviously desirable in. certain occupations — such as involve plan- 
ning, designing or initiative on however small a scale — ^whilst in 
others it is far less essential. It is possible that purposive creative 
iniagination is not a single ability, but is highly differentiated 
according to the type of material with which the imagination 
is concerned. It can at any rate be divided into two main 
groups — ^linguistic and non-linguistic creative imagination, accor- 
ding as the imagination expresses itself primarily through the 
medium of words or primarily through the medium of concrete 
objects. 

Description of the Tests, 

The tests have been devised by the National Institute of 
Industrial Psychology. They are group tests — that is, they can 
be applied to a large number of children at the same time; and 


^ The hypothesis here put forward as to the existence of a non- 
iingaistic factor, might well be tested by the application ot the method of 
partial correlation to experimental data collected on a larger scale 
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require abrnit one hour and forty minutes. They were given in, 
two spells of fifty minutes each on two successive days. Tests 
i, 3. 5 and 6 weie given on the first day ; tests 2, 4, 7 and 8 on the 
second. 

The first four tests are designed to measure linguistic imagina- 
tion, and the second four to measure non-Iinguistic imagination. 
Each has b>°en completely standardized in wording and timing; 
and the instructions are carefully phrased so as to’ be compre- 
hensible even to backward children of tlurteen. 

The following is a summary of the severad tests : — 

A. — Linguistic Tests. 

1. Analogy-making. — Three examples of analogies were shown 
on the blackboard, for instance ; “ King is to Queen as Prince is 
to Princess." The construction was first explained to the children ; 
and the childi-en were then allowed five minutes in which to make 
up more analogies of their own : the analogies were to be of the 
same type as those shown, but as different as possible in subject 
matter both from each other and from the examples. Four 
marks were the maximum given for each analogy, 2 for correctness 
of form, and 2 for originality {i.e., for its difference from the 
previous analogies). 

Very few children, failed to understand what was required of 
them. Some, indeed, showed but little imagination, repeating in 
other words the same tj.’pe of analogy — ^lor instance, the masculine 
feminine relationship given as an example: others displayed 
marked originality, going over a wide field for the subject matter 
of their sentences. 

2. Stories. — A coloured pictinre-postcard — a reproduction of 
Edward Waller’s painting “ Sweethearts and Wives ’’ — ^was given 
to each child, with instructions to wiite short notes for a story 
of which the picture might be an Ulustration. After .four 
minutes the children were stopped ; and were given /another 
four nainutes in which to write notes on a second and quite 
difierent stoiy that the picture might also illustrate. A tihird 
and yet different story about the picture was then asked for 
with the same time limit. Twelve marks were the Tnavimniu 
^ven — 4 for each story : 2 marks were given for the amount of 
ima^nation shown in each story, irrespective of the other two 
stories, and 2 for its difference from the other two. 

Some children could compose only a single short tale; but 
many of them produced three different plots, each different 
from the others. The subjects most commonly suggested were : — 

(а) Soldiers returning from a victory. 

(б) Soldiers starting out to battle {’«rith various explanations 

as to why one is injured or afraid). 

(c) A prisoner being taken to eS:ecution. 
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3. Predictions, — ^The children were asked to predict what might 
happen if certain things were changed. As an example eight 
predictions were given by the examiner suggesting what might 
happen if it became unnecessary for people to ea± and drink, 
such as : 

All the shops that sold food would have to close/' 

** No one would be a cook/* etc., etc. 

The children were then asked to write down as many and as 
differeni: predictions as possible in answer to the question, Wliat 
might happen if everyone could walk and swim at the rate of 
100 miles an hour ? " They were given five minutes for the task. 
Predictions were then .required, stating ''What iiright happen 
if nobody had any teeth ? ** and How might our life be 
different from wdiat it is now, if reading and writing had never 
been invented ? " For each set of predictions five minutes 
were allowed. Four marks were the maximum allotted for each 
prediction, 2 for its practicability, and 2 for its difference from 
the suggestions already offered. 

Of all the linguistic tests this was perhaps the most satis- 
factory. The children almost invariably understood what was 
wanted of them ; and the results were extremely varied, and 
showed the range and fertility of their imagination. Among the 
numerous replies to the second question (‘ What would happen if 
we had no teeth ? *) — some quite obvious, others as ingenious as 
they were far-fefcched— the following is quaint enough to be 
singled out for quotation : ' We should have to use scissors to cut 
our nails ' ! 

4. Metaphors,— An explanation of metaphors was given with 
examples. The children were then asked to give as many and 
as different metaphors as they could for : — 

(1) An aeroplane flying quickly. 

(2) A veiy fat person. 

(3) A prisoner. 

Three minutes were allowed for each set of metaphors. Four marks 
were given for each metaphor, 2 for its relevance and 2 for its 
difference from the others. 

The abilities required to answer this test satisfactorily are 
perhaps more specialized than those involved in the foregomg ; and 
a certain proportion of the children failed to realize what was 
required. Nevertheless the ^ results of the test show a high 
correlation with those of the other tests. 

B, — N on-Linguisiic T esis. 

5- Ma:se Planning, — A diagram of a maze constructed along 
the lines of squared paper was shown to the children, and its 
structure was explained. It was then removed ; and a piece of 
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squared paper -witli sides seven squares long was given to each 
child. The children were asked to plan a maze on it, and to make 
the path from the “ gate " to the centre path as complicated 
as possible. Certain conditions were imposed, such as that the 
walls were to run along the lines of the paper. A time limit of 
six minutes was allowed. An objective system of marking was 
devised, with so many marks for the length of the paths, t 3 q)e of 
paths, number of by-paths, etc. 

This test was understood by irearly all the children. Great 
variation was showu in the complexity of the mazes. Reasoning 
and intelligence are important factors for the performance of the 
test ; but it also needs visual creative imagination of a distinctly 
purposive type. 

6. Designing Teapots . — ^The children were told to draw, 
rouglily and in outline, eight teapots, all as different in shape 
from each other as possible. A time limit of five minutes was 
given. The maximum number of marks was 40 (5 for each teapot). 
Two inarks were given for original sides {i.e., different in shape 
from sides already given), 1 for an original lid, 1 for an original 
spout, and 1 for an original handle. The quality of drawing was 
not considered in the marking. 

Some children simply repeated one or two models; others 
successfully designed eight different styles of teapot. 

7. Pillar-box.~Th& children w’ere asked to imagine themselves 
the Postmaster-General requiring a hew pillar-box very different 
from those in present use. and with many improvements. They 
v/ere given four minutes to sketch such a pillar-box, with 
explanatory notes as to the purpose of the alterations. The 
designs were classified into six groups that were given nxarks 
respectively from 5 to 0. The grouping was made according to 
the originality and practicability of the ideas, but the quality of 
the drawing itself was ignored. 

It was easy to classify the drawings, and typical samples of 
the groups were soon found; the marking, however, had the 
disadvantage of being necessarily subjective. 

8. PosiEwiaw.— This test was similar in directions and in 
marking to test 7, except that the design to be made was for a 
postman’s uniform. The time limit was five minutes. 

Each day after the four tests were completed, tlie children 
were asked to write down which of the tests they liked best 
and which they liked least. This afforded soine indication 
whether their taste lay in dealing with linguistic or with non- 
linguistic material. 

At two schools the tests were repeated with the same cliildren 
after a week s interval to measure the self -consistency or reliability 
of the tests.. The examples to be worked in the second series were 
made as comparable as possible with those in the first. 
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Restdts, 

It is difficult to obtain ifn independent criterion of the 
children’s powers of imagination with which to compare the 
results of the tests. The variousleacherskindly gave judgments of 
their pupils' imagi nations, but expressed a fear that their rankings 
were not very trustworthy. They had to base their opinion 
of linguistic imagination cMeflj/ on the originality shown by 
their pupils in essays, and of non-linguistic imagination on the 
originality shown in art-work and wood-work. 

The correlations between the teachers' rankings and the 
rankings obtained by the tests are given in Table XVIIL 


Table XVIIL — CGrrelaiions between Teachers' Rankings and 
Rankings by Tests of Imagination,^ 


School. 

General 

Creative 

Imagination. 

Linguistic 

Imagination 

Non-Lin guistic 
Imagination. 

A (girls) 

•88 

•93 2 

•64 8 

B (girls) . . . . i 

•23 

•22 

*24 

A (boys) 

•58 

•71 

•34 

B (boys) 

•63 

•73 

•53 

C (boys) 

- -26 

-•31 

-•43 


i For the correlations given in this and the three following tables, the 
probable errors s/slxj as follows : — 

School A (girh): froini *01 (lora coefficient of *95) to± *08 (for a coefficient of *64); 
School B (girls): from i *07 { „ „ „ *74) todb '15 ( ,, ,, „ *04); 

School A (boys), fromib *03 ( „ *. , ». *90) fcodh ’lf>( /• *09); 

School B (boys): from ±*03 ( „ „ •89)to±*18( ,, „ „ *05); 

School C (hoys): from ±*13 ( ., „ „ *46)to±*i7{ „ „ ,, .05); 

® At this school the teachers gave a general ranking for creative 
imaginatlcn, and did not dffierentiate it into linguistic and non-linguistic 
types. 

Correlations with other capacities are given in Table XIX. 


Table XIX . — Other Correlations for Tests of Imagination. 


School. 

Total 
Creative 
Imagination 
Tests and 
Intelligence 
(Binet- 
Simon 
Tests). 

Total 
Creative 
Imagination 
Tests and 
Intelligence 
(Perform- 
ance 
Tests). 

Teachers’ 
Ranking for 
Imagination 
and 

Intelligence 
(Binet- 
Simon 
j Tests). 

Teachers’ 

Ranking 

for 

Imagination 

and 

Teachers’ 
Ranking for 
Intelligence. 

Tests of 
Linguistic 
Imagination 
and Non- 
linguistic 
Imagination 

A (girls) 

•87 

•64 


•71 

•73 

B (girls) 

•71 

•68 


*74 

‘51 

A (boys) 

•61 

•35 


•88 

•64 

B (boys) 

•61 

•40 


•89 * 

•65 

C (boys) 

•46 

•35 

Hli 

•46 

•05 
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No doubt the imagination-tests in their crude results, and 
probably the ' teachers in their estimates of their pupils’ 
imagination, are both unintentionally influenced by the factor of 
intelligence. Accordingly, by applying the device of partial 
correlation^ to the inter-correlations of the creative imagination 
tests, the Binet-Siraoh tests, and the teachers’ ranldng for 
creative imagination, an attempt was made to eliminate this 
common factor. The partial coefficients (which may be taken 
as indicating the real influence of imagination as a specific 
ability) prove to be as follows ; ■ , 

School A (girls) *54 ± *10 

School B (girls) -14 ± -15 

School A (boys) • 27 ± • 15 

School B (boys) -31 ± *1.5 

School C (boys) -22 ± *16 

The reliability as measured by the conelation between the 
two applications of thfe tests to the same children is shown in 
Table XX. 

Table XX. — Reliability coefficients for Tests of Imagination. 


School, 

A (girls) . 
A (boys) . 


Total 

Creative 

Imagination. 

Linguistic 

Imagination. 

i Non-linguistic 
Imagination. 

•95 . 1 

•93 

•74 

•90 

i 

•75 

•54 


In aU the linguistic tests the girls are better than the bo 5 ?s, 
especially in "analogy-making” and “predictions” where the 
lower quartile mark of the ^rls is higher than the median mark 
of the boj!S. In the non-linguistic tests the girls are slightly 
better at designing pillar-boxes and postmen’s uniforms, and the 
boys at designing mazes and teapots. 

In three of the departments there is a high correlation between 
the tehchers’ Takings and the test results ; but those from School 
B (girls) and School C (boys) give low and negative correlations 
respectively. The fact that good positive results are sometimes 
obtained suggests that it may be tlie teachers’ estimates rather 
than the tests that are at fa^^lt, more especially as with the same two 

^ The formula used was 



where j-u, and represent the total coefficients as originally 
obtained, and g represents the calculated partud correlation between 
capaaty i (ii^agination as assessed by the tests) and 2 (imagination as 
^sessed by the teaolier) after the influence of 3 (intelligence as assessed 
by the Binet-Simon tests) is eliminated. 







49 


schools low correlations were obtained between the teachers' ranking 
for general intelligence and thewell-eslablished Binet-Simon tests. 

The tests of creative imagination show a high correlation with 
general intelligence as measnred both by linguistic and non- 
linguistic scales. The fact that the teachers' ranking for creative 
imagination does so too (except in the two depanments mentioned 
above) suggests that there is a real relation between intelligence 
and imagination, apart from the apparent connection so often 
induced by the testing itself. Nevertheless, there seems also 
to be a Specific factor in imagination which is to some extent 
independent of intelligence. This vif*w is borne out by the 
presence of the four positive correlations found remaining betw^een 
the results of the imagination-tests and the teachers' ranking for 
imagination after the factor of intelligence is eliminated. It is 
true that the groups are too small for the correlation to be clearly 
significant except in School A (girls) and perhaps School B (boys). 
The problem needs further investigation with larger groups and 
with more reliable rankings from more numerous judges, 

In tests such as these it is impossible to exclude altogether 
a subjective factor in the marking ; but the high sell-consistency of 
the tests shows that in practice this has been partly overcome. 
Some objedion has been raised to the restricted time limit for a 
test of imagination. In a few cases this criticism may be valid ; 
but it musi be remembered that the tests have a specifically 
vocational intent, and in industry purposive creative imagina- 
tion has frequently to be exerted under temporal restrictions. 

Questionnaire on Purposive Creative Imagination, 

A questionnaire on purposive creative imagination is useful 
as a supplement to the tests. It gives some indication of the 
degree to which the subject has used his imagination in the 
past, and it partly obviates the difficulty of time restriction 
that luis already been noted. It is also of value in suggesting 
certain temperamental qualities. 

The following questions were read out to the children, giving 
them time to put a short answer (such as yes," ‘‘ 9," " copying") 
to each question. Each question was repeated twice. The 
children were assured that their answers w-ould be showm to no 
one whom they know : — 

(1) Have you ever written any stories out oj school ? A bout 

how many have you written out of school during the last 
year ? 

(2) Do you ever paint or drato out of school ? Do you hke 

copying pictures or do you prefer making up new ones ? 

(3) {For Boys) Do you ever play with Meccano ^ or with any 

wooden building game ? If so, do you like copying 
designs or do you like making up your own designs ? 

{For Girls) Do you sometimes make up dresses in your 
head, just for fun ? If so, about how many do you make 
up in the course of a year ? 
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(4) If you have to do a certain job, do you like planning it^ 

yourself, or do you prefer someone to explain to you all 
the details of what you have to do ? 

(5) When you go to work, would you like to get the sort of job 

which, once you have learned it, you know, and need 
not bother about any more ? Or would you like to 
get the sort of job where you have always to be thinking 
and planning out new things ? 

(6) What work would you like best to enter ? Is there a?iy 

chance for you to use your imagination in the wprk you 
have just chosen ? If so, how ? 

These questions took about fifteen minutes to answer. 
The children were then given the following typewritten sheet 
of questions. The examiner went round the class while they were 
writing to ensure that the questions were understood. 

You ' will have 30 minutes to answer all the following 
questions. You need not copy out the questions ; just 
write down the number of the question before, you answer 
it. Your answers will be kept private. Your name will 
not he given to anyone. You are to answer all the questions 
as fully as you can — do mi stop to do yotir best writing. 

(7) Have you ever written any poetry out of school ? Write 

down the best poem that you have ever written. 

(8) Have you ever imagined a room just as you would like 

it best ? What was it like ? 

(9) Do you often try to invent things? Describe the most 

important thing that you have ever invented. 

(10) If you could be very good at doing something, 'What would 

you choose to be good at ? Why ? 

(11) In what ways do you enjoy using your imagination? 

(12) When you read a book do you^ sometimes imagine that you 

are the hero or heroine ? What kind of hero or heroine 
do you like being best? 

(13) Do you sometimes tell a story to yourself at night or when 

you are alone ? Does this vary from night to night, or 
is it gCTierally the same story continued? What is it 
generally about ? 

Questions 1,7,12 and 13 are framed to disco ver'a predominantly 
linguistic imagination, and questions *2, 3 and 8 to discover a 
predominantly non-linguistic imagination. Questions 4, 5, 6, 9, 
10 and- 11 allow of choice in the type of imagination given in the 
answers ; and from these some indication may be obtained as to 
which is prevalent. 

The chief value of the questionnaire lies in the nature of the 
replies ; but certain quantitative iiiformation can be gained by 
marking the answers, giving two marks for each answer in which 
decided imagination is shown, and one mark for each answer in 
which slight imagination is shown. Such marking affords a 
rough numerical measure. 



51 


Table XXL — Correlations of Marks obtained in the Questionnaire 
with results of Imagination Tests, InielUgence Tests, and 
Teachers* Rankings, 



Total 

General 

Teachers' 

School. 

Creative 

Intelligence 

Banking for 


Imagination 

Tests 

Creative 

• 

Tests. 

(Binet-Simon) . 

Imagination. 

A (gj-Is) 

•75 

•67 

•68 

B „ ... . 

•21 

•04 

•46 

A (boys) 

— 09 

•09 

— 34 

B 

C 

} - 


•05 
— 16 


Table XXII. — Sex-Differences in Questionnaire on Creative 

Imagination, 



Linguistic 

Questions. 

Non linguistic 
Questions 

1 

Lereral 

Questions 

1 

1 

AVERAGE. 

c 

2 

o 

b. 

a 

% & 
15 = 

General 

5 

Boys’ marks ^•x- 
pressed as per 
cent, of girls’ 
marks 

1 

7 

12 

13 

2 

3 

8 

4 { 

5 

6 

9 

II 

70 

81 

89 

84 

41 

13 

106 

96 

86 

i04 

61 

78 

86 

64 

144 

95 


Much information can be gained from the nature of the 
answers quite apart from their marks, the value of which is 
necessarily arbitrary. The answers of questions 8, 9, 12 and 13 
are particularly suggestive. 

Results. 

There is a distinct sex difference in the value of the question- 
naire. The boys' results show no correlation with creative 
imagination as measured either by the tests or by the teachers' 
estimate ; but the girls' results give some correlation with both 
these standards. The girls gain much higher marks than the boys,, 
especially in decidedly linguistic questions such as writing stories 
and poems or describing a room. The boys, however, easily 
beat the girls in their account of an invention. 

The diagnostic value of the marking of the questionnaire 
is open to question ; but the answers given by the children 
certainly afford some indication of their temperamental qualities. 
It must be remembered, however, that great reliance cannot be 
placed on any form of questionnaire, for some children shrink 
from giving themselves away, and hence sometimes give colourless 
or non-committal answers, while others make the most of those 
qualities that they expect to be desired by the examiner. 
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(^^) Tests for Dressmaking. 

In the preparatory analysis of the occupations secured by 
diildren leaving elernentary schools in the district, it was found 
that 13 per cent, of the girls became dressmakers. This is a larger 
percentage than that discovered for any other single occupation. 
In addition about 15 per cent, take up one or other of the allied 
trades (millinery, embroidery, needlework, etc.). In order to 
give vocational guidance to girls it is, therefore, important to be 
ablfe to predict success at these trades. In any one class, where 
girls have for some time been taught sewing by the same mistress, 
it may be possible to judge ability directly, by a comparison of 
their actual work. Even in such a case, however, the comparison 
is not very just, for girls vary exceedingly in their practice at 
home : some do a great deal of mending and even making ; and 
others rarely touch a needle. If girls from different schools, 
or from different classes in the same school, are being compared 
it is of little use to judge by their needlework itself, for this is so 
enormously influenced by the teaching. At one trade school two 
exactly parallel classes had been taught needlework for the same 
length of time by different mistresses. One class worked more 
than twice as efficiently as the -other even at such a simple stitch 
as the nlnning stitch, although by the speed tests the two classes 
were shown to be similarly gifted in capacity for speed. It is, 
therefore, desirable to use a series of tests to measure the 
fundamental capacities underljnng dressmaking ability, quite 
independently of skill acquired from instruction or from practice. 
Te.sts of this kind have been devised for the National Institute 
of Industrial Psychology; and were employed in this research.^ 

Description of the Tests. 

An analysis of the psj^boIogicaJ qualities needed by a 
dressmaker's apprentice sliows that they can be grouped under 
three main headings : — 

A. Those affecting speed of work ; 

B. Those affecting quality of work ; 

C. Those affecting ease of learning work. 

A. Factor affecting speed of work. — ^The maximum speed is 
not so important as the usual speed — ^the proportion of the 
maximum at which the girl ordinarily works ; and this again is 
affected by the ease with which she is distracted. Distraction 
plays an important part, since, in most work rooms, discipline is 
slack, and the girls are free to tsdk and sing. 

B. Factors affecting quality of work.— Th.Q factors affecting the 
quality of the work are naturally complex; but they can be 
divided into two main groups, those which make for lightness 
of touch and those which make for accuracy of work. 

iFoi fuller details see W. Spielman, “Vocational Tests for Dress- 
makers' Apprentices," Journ. Nat. Inst. Indust. Psychol., Vol. I, No. vii. 
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A light touch means gentle pressure, the avoidance of crushing 
delicate material. Incidentally, although a light touch is an 
important asset to a dressmaker, it is of little use to a tailoress, 
and constitutes one of the chief psychological difierences in tlie 
requirements of the two trades. 

The accuracy of the work depends partly on co-ordination, of 
hand and eye (when the needle can be seen), and of hand and 
image (when the needle is brought up from undemeatli the 
material). It depends also on a just perception of equal 
distances, for this capacity enables a girl to fold her work correctly 
(as in hemming, or making tucks) with greater ease and exacti- 
tude, and helps her to make stitches of equal size in handwork 
and to keep a straight line in machine work. 

C. Factors affecting ease of learning work . — ^The factors 
described above affect the needlework directly ; but a girl’s 
success as an apprentice largely depends on the ease with which 
she learns; and this in turn must depend upon her power of 
observation and her memory for instructions. 

In this occupation, as in every other, temperamental factors 
must be taken into account. Little advance has as yet been 
made in measuring them exactly ; hence, they are not explicitly 
included in this analysis ; but they were considered when advice 
was given about entering the trade. 

Of the special ph 3 ’sioiogical qualifications, the most important 
is eyesight ; some dressmakers, too, emphasize the importance 
of having naturally dry hands, but a deficiency in this direction 
can be partly obviated by the use of French chalk. Many 
employers choose their girls according to the shape of their fingers. 
This is a highly arbitrary method of selection : and experts differ 
as to the desirable characteristics, although all agree as to the 
value of long flexible fingers. It is quite possible that the shape 
of a girl’s hand may affect her capacity for good work ; but it 
is surely fairer to measure the capacity itself by a psychological 
test of maximum speed and hand-and-eye co-ordination rather 
than to attempt indirect deductions fiom anatomical observation. 

Nine tests have been devised to measure the factors given in 
the above analysis. They can be applied to a group of tw'enty-four 
girls in 55 minutes. They are given under standard conditions 
of order, wording, timing, and apparatus ; and the marking for 
all of them is " fool proof.” Their order is so arranged that, as far 
as possible, the mental tests alternate with the manual, and the 
harder tests with the easier. 

The following were the methods actually employed in the 
present investigation. All of them aimed at measuring natural 
aptitude rather than acquired skill due to practice or experience. 

Speed tests . — ^The test for ” ordinary ” speed and distractibility 
was the first test given ; it w'as applied before the girls had got 
into the “ set ” of expecting speed tests. They were asked to 
make knots in a piece of wool at their own rate ; and were told 
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'' there is no hurry : at the same time the examiner tried the effect 
of distraction by explaining the purpose of psychological testing. 

The tests for maximum speed were (i) threading beads, and 
(2) packing with a mounted needle. 

Tests for the quality of the work, — ^The candidate's power of 
discriminating equal distances was measured by two tests. One 
consisted of showing her 32 pairs of lines, of which some 
were exactly parallel, and some nearly parallel but not quite. 
She had to select those pairs that were exac tly parallel. Ii; the other 
test she was given a limited time in which to judge first the centre 
of a line, and then the centre of the halves and of the quarters. 

The test for co-ordination of hand and eye consisted in aiming 
with a pencil at certain points on squared paper, and that for 
co-ordination of hand and image in aiming with a pin from 
underneath the paper at similar points. In both tests the time 
was regulated. 

Lightness of touch was judged by the degree to which the 
candidate crumpled new tissue paper in folding it as if for a. hem. 

Tests for ease of learning work. — ^Two tests were given to 
discover the candidate's probable facility in learning her woik. 
Her memory for complicated instructions was measured by reading 
to her a description of a dress, and finding how much of the 
description she could remember after a quarter of an hour's 
interval. Her powers of observation were gauged by showing her 
two fashion plates for 45 seconds, removing them and seeing how 
complete a description of them she could give. 

Results. 

In computing the final ranking for dressmaking ability the 
results of the various tests were weighted according to their 
relative importance. The results of the tests for non-linguistic 
creative imagination were also taken into account when considering 
the girl's general capacity for this trade. The strength of her 
imagination does not much affect her success as an apprentice ; 
but it give^ some indication of her chances of rising to the higher 
positions in the trade. 


Table XXIII. — Correlations of Ranking by Dressmaking Tests 
with other Estimates} 



Teachers’ 

General Intelli- 

General Intelli- 

School. 

Ranking for 

gence (Bmet- 

gence (Perfor- 


Dressmaking. 

Simon Tests). 

mance Tests). 

A (girls) 

•71 

•70 

i *75 

B „ 

•53 

•29 

•44 


^ For the correlations given in tliis and the two following tables the 
probable errors vary as follows 

School A : from ± • 01 (for a coefficient of • 97) to ± • 1 4 (for a coefficient of • 26) ; 
School B : from± *11 (for a coefficient of -53) to ± *15 (for a coefficient of *05). 
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Table XXIV. — Correlations of Teachers’ Rankings for 
Dressmaking with Test-results. 


j 



1 

i 

Tests of 
Ease 
oi 

Leani- 

ng 

! General 

General 

School. 

Speed 

Tests. 

Tests of 
Equal 
Dis- 
tance. 

Tests of 
Co-ord- 
ination. 

Intelli- 

gence 

(Binet- 

Simon 

Intelli- 

gence 

(Perfor- 

mance 





Tests). 

Tests). 

• 

A (girls) . . 

•49 

•26 

•43 

•74 

•97 

•63 

B „ . . 

•44 

•3i 

! 1 

•38 

‘35 

•05 I 

•35 


Table XXV. — Correlations of Tests for Non-Linguistic Creative 
Imagination with Estimates of Ability in Dressmaking. 


School. 

Dressmakmg Tests. 

Teachers' Ranking 
for Dressmaking. 

1 

A (girls) 

•70 

•70 

B 

•32 

•35 


Table XXVI. — Relation between Rankings in the Tests and 
Desire to become Dressmakers. 


Desire to become 
Dressmakers 

Average Rank in a Group of 30. 

In 

Dressmaking Tests. 

In 

Teachers' Ranking 
for Dressmaking. 

School A: Girls answering Yes 

13 

11 

M „ .. No 

9 

10 

School B: ,, ,, Yes 

10 

9 

No 

8 

9 


The tests yield a fairly high correlation with the teachers’ 
r a nking for ability in dressmaking. The reasons why the coefficient 
is not even greater may be sought partly in the imperfection of 
the tests, and partly in the fact, already noted, that the teacher's 
estimate of present ability in needlework depends on the ex- 
perience as well as on the aptitude of her pupil. 

A decided positive correlation is also shown between the 
teachers’ rankings in needlework and the tests for each of’the 
more specific abilities distinguished in the analysis. This rela- 
tionship, to some extent, bears out the analj^is. 
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The dressmaking tests correlate fairly highly both with tests of 
general intelligence — particularly of the performance type — and 
with non- linguistic imagination. The fact that teachers’ estimates 
also give somewhat similar correlations with these two groups of 
tests, suggests that dressmaking ability is largely dependent both 
on general intelligence and on non-linguistic creative imagination. 

An attempt was made to ascertain whether the girls were 
selecting their careers according to their abilities. The occupa- 
tions which they intended entering were tabulated in response to 
Question 6 of the Creative Imagination Questionnaire. The 
average rank according to both the Dressmaking 'fests and 
the Teachers’ ranking for Dressmaking was found, first for the 
girls who intended entering the needlework trades, and then for 
the girls who intended entering other occupations. It was dis- 
covered that the average rank in the tests was lower for the girls 
who intended becoming dressmakers than for those who did not. A 
possible explanation of this curious reversal is that the cleverer 
girls, though they may also be good at dressmaking, generally prefer 
to become clerks ; and, as there is a positive correlation between 
general intelligence and dressmaking, this lowers the average level 
of the girls who wish to become dressmakers. The difference, 
however, is small. But, whatever its cause, the reversal — or, at 
any rate, the absence of agreement — indicates the need for more 
accurate vocational guidance ; and, in many cases, we found it 
necessary on the basis of the tests to dissuade some of the girls 
who wished to be dressmakers from entering a trade for which 
neither the general intelligence nor their special aptitude was 
adequate. 

Other Special Abilities. 

We cannot, of comse, pretend that the spedal abilities tested 
and measured in. our brief research cover the whole range of mental 
differences. In our original scheme, for example, it was planned 
to introduce tests of engineering abihties for the boys, analogous 
to the tests of dressmaking for the girls : and to employ, with 
both sexes, special tests for memory, manual dexterity, and 
sesthetic appreciation. Time, however, and, the resignation of 
one of our voluntary assistants, forced us to be content with a 
shorter list of tests. But we believe that our analysis of the 
aptitudes needed for one sample trade, namely dressmaldng, 
h^ been sufficient to demonstrate what is needed, and what 
might be attempted with equal success, in other trades entered 
by young persons. 

At present but little is known as to which abilities are more 
or less general, and which aie more or less specific, and what 
may be the best modes of testing each one. Vocational advisers 
are constantly making tacit assumptions on these points. 
Teachers’, for example, often recommend what they call the 
manual type ’ of child to enter for some form of ‘ manual ' 
occupation. Such a recommendation implies that there is a 



57 


specific capacity, which is common to ah forms of skilled manual 
labour, and to which the term manual ability might fairly be 
applied. It is quite possible, however, that the various operations,, 
winch on a superficial view might all be designated 'manual/ 
actually depend upon very different aptitudes, and call into play 
mental and neuro-muscular processes almost wholly uncorrelated 
one with another. Here, therefore, it is plain that further research 
is urgently needed. A preliminary series of job-analyses might, 
indeed, disclose what seem to be similar capacities entering more 
or less into many different forms of employment ; and lurther 
experiments with psychological tests might ultimately show 
whether or not the same capacity was really common to them all. 

At present the best opinion inclines ^to the view that 
intelligence is the only capacity which has a wide degree of 
gener^ity, the only capacity, that is, .which pervades a large 
variety of mental processes. Other factors — ‘ group-factors ' as 
they are sometimes called — ^appear to be highly specific ; and must 
be consequently as numerous as they are limited. Should this 
view be confirmed, it woiild seem at first sight to increase enor- 
mously the difficulties of vocational guidance : for time will never 
permit of every individual child being tested for each distinct 
ability. The best solution would probably be to divide the ex- 
amination into two main portions ; and to de\dse first a short 
series of group-tests for intelligence, for school attainments, and 
perhaps for what Dr. Burt has called 'key-qualities,' and 
afterwards to examine the individual children separately with 
different tests of specific capacity varying according to the 
particular needs of each.' 


VI. The Estimation of Character Qualities in Vocational 

Guidance. 

By Winifred Sfielman and Cyril Burt. 

The Need for Temperamental Assessments, 

To succeed in after-life a boy must have character as w^ell as 
intellect. This, indeed, is a speech-day commonplace. It is not 
so well recognised that for different callings very different 
temperaments are needed. The man who becomes restless and 
discontented behind an office desk may take readily to an 
active life ' upon the road ' the youth who is too shy to make his 
way as ,a salesman or commercial traveller may do well as a 
mechanic or an engineer where he has to deal not with persons 
but with machinery. Hence, in advising young people what 
careers they should choose, it becomes essential, so far as it is 
practicable, to take into account, not their general intelligence 
and special aptitudes alone, but also then: moral and emotional 
characteristics. 
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Tests for such ^qualities as these, framed upon the same lines 
as tests for general intelligence, have recently been investigated 
upon an increasing scale.^ In the present research, however, it 
was eventually decided to make no use of these newer devices. 
Preliminary investigations showed that, in their current forms, 
tests of temperament are neither exact enough nor -self-consistent 
enough to be of much practical service. Their validity is roughly 
on a level with that of intelligence tests fifteen or twenty years 
ago. Their self-consistency and accuracy are sufficiently promising 
to make further theoretical research upon their nature eminently 
worth while, but are not sufficiently high to warrant the immediate 
application of such methods to problems of vocational guidance. 

It was, accordingly, agreed to rely upon personal observations 
rather than upon experimental tests. Unfortunately, but little 
work has been done hitherto to discover how far such observations 
agree with one another and with the best ascertainable evidence. 
It became essential, therefore, as a prelimin,ary, to see whether 
these simpler methods could claim any higher measure of validity 
than existing temperamental tests. 

Character Estimates by Ordinary Methods. 

In the earlier inquiry on vocational .guidance in London 
schools, the following brief investigation was included. Its 
object was to gauge at the outset how far the customary mode of 
judging character could be trusted. Two competent observers 
were selected, both thoroughly experienced in judging the 
characters of children with a view to recommending suitable 
employments. They were invited to make records of the 
character-qualities of a small gproup of boys and gii'ls about the 
school-leaving age ; and were ^owed to choose whatever 
character-qualities they wished, and to follow whatever method 
they preferred. Three stipulations alone were made : first, that 
the character-qualities should have a vocational bearing ; 
secondly, that the s^e children an,d the same character-qualities 
should be judged by both observers; and, thirdly, that the 
judgments should be put into some numerical form lending itself 


^ Hitherto tests of moral or emotional characteristics have been used 
chiefly in the study of the neurotic and the delinquent. For a detailed 
description, and a brief discussion of their value, ^ the reader may be 
referred to The Young Bflinquent (University of London Press, 1925, 
pp. 899-419), where some of the methods here used are set out at greater 
length. The majority of such tests have been devised and employed in 
America. On their limitations in work with English school chAdren, §ee 
the criticisms and recommendations of the Consultative Committee of the 
Board of Education, Report on Psychological Tests of Educahle Capacity 
(H.M. Stationery OfiSce, 1924), especially pp. 50-60 and 132. It may be 
noted Liiat throughout the present report the words temperament and 
character are used loosely, and almost without difference, to designate 
individual differences in conative and affective tendencies rather than in 
cognitive or practical capacities. They thus cover all those personal 
qualities of mind’ that do not constitute, or are not pervaded by, intelligence, 
and includes traits of social conduct as well as of emotion. 
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to the method of correlation. Estimates were obtained for 
32 children. As a control, similar estimates were also secured 
from a couple of teachers of known ability, who had been 
personal!}^ acquainted with each child for a period of three 
or more years. The difficulty of obtaining four comparable 
estimates for the same group inevitably reduced the number to 
be judged to slender limits ; and the probable errors are therefore 
high. The table below gives the correlations between the 
judgments (1) of the two observers who were strangers to the 
children, (3) of the two teachers who knew them well, (3) of the 
two judges on the one hand and the two teachers on the other, 
and (4) the last correlation (between judges and teachers) corrected 
for unreliability.^ 


Table XXVIL — Correlations for Character- Estimates obtained hy 
Ordinary Methods. 


Quality assessed. 

Reliability 
of two 
observers. 

Reliability 
of two 
teachers 

Correlation 

between 

teachers 

and 

observers 

Correlation 

between 

teachers 

and 

observers 
(corrected 
for , un- 
reliability) . 

Honesty . . . , 

*19 

•51 

•14 

•45 

Conscientiousness . . 

•27 

•59 

•22 

•55 

Industry . . . . 

•29 1 

•63 

•20 

•47 

Ambition 

•32 1 

•44 

•17 1 

•45 

Self-respect 

•42 

•56 

•31 

•64 

* Ability to get on 
with others ' 

•31 1 

*49 

•24 

•62 

Good humour 

•39 

!. 

•54 i 

i 

•27 

•59 

Averages 

•31 

•54 

*22 

•54 


It will be seen that the agreement of the two experienced 
observers, judging the children after a single personal interview, is 
extremely low : in two cases only is the coefficient more than 
three times the probable error. The agreement between the two 
teachers who had known the children for several years is far 
higher ; but too much emphasis must not be placed upon this 
higher correlation, since the teachers concerned had doubtless 
discussed the children amongst themselves, before they were asked 


^ With coefficients of this ordei* and a group of this* size the probable 
errors vary from ±*08 to ±’ 12 . The corrected coefficients have, of 
course, no positive significance of their own. They have been calcjiiated 
merely to show that the data so obtained are not incompatible with the 
view that, could proper allowance for errors be made, some genuine 
correlation may underlie tlie figures obcained. 

(mm n 






60 


to furnish estimates. Plainly, if we take the estimates of the 
teachers as a criterion, the judgments reached by the two observers 
at the personal interview have little or no practical value. 
Nevertheless,- the calculated coefScients, derived by correcting for 
the unreliability of the double judgments, are high enough to 
make it quite conceivable that the method of the personal 
interview could readily be improved. The question, therefore, 
arises : how can the recognized principles of psychological 
examination be applied to the personal interview so as to render 
its technique sufdciently reliable and exact for use in vocational 
guidance ? 

Character Estimates by Psychological Mdhods. 

Some valuable suggestions were gleaned in discussing the chief 
points of disagreement with those who had been good enough to- 
record their judgments. Two sources of inaccuracy were at once 
discerned. First, the qualities selected for estimation appeared 
highly complex and vague ; what, asked one of the teachesrs, is 
the precise distinction between honesty and conscientiousness, 
and between conscientiousness and industry ? And what is 
meant by ambition and self-respect ? Secondly, the marks allotted 
for each quality were distributed in a way that could not possibly 
tally with the truth : one observer, for example, gave fuU marte 
for honesty to nearly 80 per cent, of the diildren. With these 
and similar defects in view, an effort* was made to draw up a 
simple scheme for judging temperamental qualities. The follow- 
ing were the chief principles employed : 

First, it was decided to begin with more elementary qualities 
of character, qualities which could be expressed in recognized 
psychological terms, and defined in recognized psychological 
language. The primary foundations of character are held to be 
the fundamental instincts and emotions. Hence, the first qualities 
to be judged in any given individual are the degrees to which these 
native tendencies are inherited and developed. To this end, the 
lists of primary? emotions enumerated by McDougall and Shand 
were ^ taken as a basis ; and definitions were framed, briefly 
describing each of these emotional qualities in their various 
degrees. 

It seemed questionable, however, whether these instinctive 
qualities in their simpler forms are of direct vocational importance. 
A supplementary list was, therefore, added, containing more 
complex diaracteristics, moral, social and temperament^, such 
as are commonly considered in giving vocatioral advice. The 
former qualities are for the most part inborn. The latter are for 
the most part acquired : they depend upon interests and senti- 
mentSj upon personal habits and ethical standards formed afresh 
by each person for himself during early life., Each of these 
secondary qualities was again defined in detail as before. 

Finally, a rating-scale was framed wWch should facilitate 
measurements in numerical terms. The scale itself was not 
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numerical. For each quality every child was to be marked with 
one of five letters — ^A, B, C, D or E — according to the intensity 
with which the quality seemed developed in him ; and the 
significance of the letters was denned in statistical termsA Plus 
and minus signs were to be freely used ; so that, when the letters 
were eventually translated into numbers or maiks, fifteen grades 
in all were theoretically distinguishable. 

It was originaUj^ intended that, according to this schedule, 
each investigator should rate aU the pupils tested at the schools 
selected .for the main research. Unfortunately, this proved too 
lengthy a task ; to complete the entire list for every child would 
have consumed far more time than either children or investigators 
could spare. In these schools, therefore, the investigators contented 
themselves with recording only such outstanding characteristics 
as were noted in the course of their testing. To assess the relia- 
bility and accuracy of such judgments, a separate inquiry was 
necessary. 

In this supplementary inquiry two groups of persons were 
made the subjects of a complete assessment according to the 
schedule. The first was a group of thirty, for the most part 
children about the school-leaving age, who came to the National 
Institute of Industrial Psychology for vocational guidance or for 
other reasons. Each of these persons was marked by at least 
two independent investigators for the character-qualities 
enumerated. The marks were based partly on observations made 
in the course of the testing, and partly on a brief interview, 
lasting from 10 to 30 minutes, specifically intended to elicit his 
temperamental characteristics. 

The second was a smaller group of persons, chiefly young adults, 
who were assessed in the same way by a number of psychologically 
trained observers, each of whom was already well acquainted with 
the persons to be judged. At the same time, one additional 
observer, to whom the person was not previously known, drew up 
a parallel assessment based simply upon a single personal inter- 
view, such as might be carried out for vocational guidance. 

The data so obtained yield a provisional answer to two 
important questions. First, what is the * reliability ’ of 
impressionistic judgments formed by strangers during a first 


^ The scale is based on the standard deviation as unit ; and each of 
the five grades is defined by percentages. For details see Burt, Disiribution 
and Relations of Educational Abilities (P. S. King & Son, 1917), p. 50, 
Observers unaccustomed to statistical units seem generally to prefer 
marMng qualitative characteristics by letters rather than by numerical 
marks. From experiments with post-graduate students it would appear 
that, with non -psychological observers, results more accurate stiU are 
obtained if some graphic device is employed, such as that described by 
Hollingworth Judging Human Character (D. Appleton & Co., 1922), pp. 
1 05-7. Here a horizontal line is drawn for each quality to be assessed, divided 
into five or six segments like a short footrule ; and the observer makes a 
vertical mark on it at a point corresponding to the estimated intensity of 
the quality. 
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interview of this sort ? How far, that is to say, do two inde- 
pendent observers, using such a method, agree with one another ? 
Secondly, what is the accuracy of such judgments ? How far, 
that is to say^ do these impressionistic judgments correspond 
with the best opinion already available upon each of the persons 
judged ? And, before this latter question can be answered, a third 
question must be asked : has this criterion itself a sufficiently high 
reliability to warrant its use as a control ? 

(a) The Reliability of the Personal Interview, 

Table XXVIII gives reliability coefficients for the judgments 
on each of the qualities specified. The data are obtained from 
the first group of thirty children and young persons, all new to 
the observers. The coefficients measure the degree of correlation 
between the. two independent observers, marking the same group 
of applicants after one short personal interview. 


Table XXVIII. — Reliahility of Estimates of Character 

Qualites, 


Qualities Estimated. 

Coefficient 

of 

Reliability. 

i 

Probable 

Error. 

I. Simpler Qualities. 

1, Subimssiveuoss 

•85 

±'04 

2. Fear , . 

•75 

3i--06 

3. Assertiveness 

•74 

±•06 

4. Sociability 

•72 

±•06 

5. Anger . . 

•71 

±•07 

6. Tenderness . . 

•68 

±•07 

7. Cheerfulness . . 

•60 

±•09 

8. Sorrow . . ..... 

•56 

±•09 

9. Sex 

•51 

±•10 

10. Disgust 

•42 

±•11 

1 1 . Curiosity 

•37 

±T2 

12. Acquisitiveness 

•23 

±•13 

Average . . 

•60 

±•09 

n. Secondary Qualities, 



1 . Self-confidence 

•77 

±•06 

2. Energy 

•64 

.J± ^ ^ 
±•08 

3. General emotionality 

•62 

±•08 

4. Quickness 

•61 

±'08 

5. Initiative 

•57 

±•09 

6. Co-operation with superiors. , 

•55 

•JL* 

±•09 

7. Industry ' 

•54 

±‘10 

8. Honest}?- 

•52 

±•10 

9, Co-operation with equals . . 

•50 

±•10 

10. Co ’opexvi.tion with 'inferiors .. .. i 

•49 

±•10 

±•11 

±•12 

11. t^unctualit} j 

•44 ^ 

12. Keliabihty . . j 

{. 


Average 1 


±■09 


63 


All the coefficients bat one are more than three times the 
probable error.^ Their average is *57. The most striking thing, 
however, a bout the figures is the extraordinary range of divei'gence : 
for one of the qualities so marked the reliability is as high as *85, 
a coefficient that would be thought extremer/ satisfactory even 
for a well-standardized test ; for another quality it sinks to -23, 
a figure wffiicli has little oi no significance as compared with the 
probable error. Plainly, therefore, so far as these results can* be 
trusted, it must be far easier to reach consistent estimates for 
some qu^tiities than for others * and it becomes of prime import- 
ance to discover v/hat particular qualities can be so a^ssessed with 
the greatest reliabilily, and which of them cannot be readily 
assessed in this manner at all. 

(i) Generally speaking, it would seem that the simpler or 
primary’ qualities can be estimated with greater reliability than 
those that have been termed seconrlary or complex. For this 
dirferei'icc theie aro nictny obvious reasons: perhaps the most 
essential is Uiat the names describing these qualities ha\'e now 
among psyc]io]t)gists a fairly well-recognized connotation.*^ 

(li) Among the primary qualities, those that are distinetb^ 
emotional are lai the most easy to assess. Acquisitiveness 
and airiosity-. for example, instincts which Irave little or no 
-acconipanying emotion, jdeld estimates that are the least reliable 
in the whole list. The reason is evident : emotion is easily 
evoked in a personal interview, and, with younger people, at 
any rate, betrays itself directly by change of voice or facial 
expression. 


^ For one or two character-qualities estimates were not made for the 
entire group; hence the probable errors are at times slightly higher than 
might be expected with a group of this size. 


2 In the present report the actual definition given to each of the terms 
m our hst, whether simple or complex, is of no great moment ; and here, 
therefore, need not be specified. It is hoped, after tuiier investigations 
have been made, to draw up an improved hst, with definitions, not only 
for ever>^ quality, but for each of the five distinguishable grades wldchevery^ 
quality presents. It may be added that we are fully aware that what 
have been called simple innate qualities are only relatively simple, and but 
paitly innate. Recent writers have made much of the fact that the so- 
called sex instinct is an aggregate of numerous partial tendencies. The 
same might be said of almost every other instinct. Fear, for example, 
as McDougall himself recognizes, has two forms corresponding to the 
instinct of flight and the instinct of self -concealment ; and further, there 
are distinct individual differences, accordmg as fear is excited chiefly 
by persons (as in the shy person) or by inanimate stimuli like noises or 
dangerous situations (as in the CQward). 'fhe actual mandestations, 
of inherited instinct or emotions m the older child are xnevihnbly modinccl 
by past experience, by habits, sentiments, and complext‘%, md by self 
control. 
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(iii) Fiirther, among these emotional qualities, those that are 
excited by human relations, such as naturally arise in all social 
situations, are the easiest to estimate of all. They have, in fact, 
high reliability coef&cienls rising usually to *70 or over. Whether 
the examinee’s manner is sociable or timid, cheerful or bad- 
tempered, assertive or submissive, these are points which, in the 
same office and on the same day, are bound to impress different 
interviewers in much the same manner. It does not, of course, 
follow that where the candidate’s momentary mood or disposition 
has prompted an identical estimate with independent judges, 
their judgments are, therefore, a true estimate of his permment 
character. But it is clear that, unless they so agree, their 
judgments can have little worth. 

(iv) Among what have been termed secondary or complex 
qualities, those that spontaneously emerge in test-performances 
appear to have the highest reliability — quickness, energy, initi- 
ative, self-confidence, and perhaps, industry, “niese have all 
been classed with secondary qualities, on the ground that they 
are not included in the customary lists of primary emotions, but 
appear to be complex derivatives of several instinctive tendencies. 
Nevertheless, it is possible that nearly every one may be in fact 
an elementary quality of the mind. Quickness, for example, and 
energy, and general emotionality, have each been put forward by 
one writer or another as being in themselves based on some 
specific central factor. Among those that are undoubtedly com- 
plex, the differences in reliability are perhaps’^ traceable to 
varying degrees in which they are actually called into play : 
the examinee’s co-operativeness with superiors is naturally 
assessed more consistently than his degree of co-operation with 
equals or inferiors, since in most cases the candidate naturally 
looks upon his interviewer as his superior for the moment. 

(v) Where the quality cannot be directly elicited in the course 
of an ordinary interview, and where the estimates have therefore 
to be based on indirect inference, there the reliability of tlie 
judgment is low — ^for example, punctuality. 

(vi) Where the quality to be assessed is a moral quality rather 
than a temperamental one, and where an extreme manifestation 
of it (or of its opposite) constitutes an anti-social, unmannerly, or 
even criminal trait, there, naturally enough, its expression may 
be successfully concealed, and an estimate of its amount can 
seldom be relied upon. Thus judgments for honesty, reliability, 
and sex, yield decidedly low coefficients ; and those for inquisi- 
tiveness -and acquisitiveness yield coefficients poorer still. 


1 In the list of coefficients here given the differences are too 
(as compared with the size of the probable errors) to possess much 
significance. 
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(b) Reliability of Ckaracter-Esiimiites by psychologically trained 

Acquaintances, 

To prove that the estimates of two obseivers agree with each 
other does not prove that those estimates necessarily agree with 
the truth. We must, therefore, seek some standard or control 
by which to check them. The obvious procedure is to compare 
estimates reached after one short interview with estimates supplied 
by those who have known the examinee over a long period of 
years, and arc themselves competent psychological observers. In 
the case of chance applicants for vocational guidance, a control- 
rating of this sort is alrnosl impossible to procure. In the case of 
children still at school, opinions can generally be got from teachers ; 
but these opinions are themselves often vitiated by the fact that 
they are seldom based upon sound psychological principles or 
expressed in unambiguous terms. The only course open to us, 
therefore, was to make a special study of a small group of persons 
who were already intimately known to several psychological 
observers, and who would be willing to submit themselves to a 
special interview by a stranger. These were the persons who 
formed oar second group. 

Lft us be sure, to begin vvith, that these psychological observers 
agree amongst themselves Judgments from at least four observeis 
were obtained for six persons. For each of the six the judgments 
were then averaged to fo)m two series of composite assessments. 
Thus* for Mr. C.D., all the qualities judged were arranged in order 
of intensity on the basis of the averaged judgments of Observer 
No. 1 and Observer No. 2; and, for the same man, the same 
qualities ' were re-arranged a second time on the basis of the 
judgments of Observers Nd. 3 and No. 4 : the correlation between 
these two composite arrangements was then computed. The 
coefEcients so obtained for each ol the six persons judged are 
showm in the first two columns of Table XXIX. . Here what have 
been correlated are not the assessments for the same character- 
quality among a group of different indiwduals, biit the assess- 
ments for a set of different character-qualities drawn up for the 
same examinee. At 6rst sight, this might seem the simpler 
method, and higher coefiicients might naturally be expected : to 
pick out the strongest and the weakest points in a given 
indmdaal shotild be an easier task than to compare the 
strength and weakness of a given characteristic in a number of 
persons interviewed on different occasions. But suppose the man 
assessed has no marked points of strength weakness ; suppose 
all his qualities are evenly developed ; then, plainly, the coefficieiit 
may be reduced almost tc zero, for there will be hardly axiy 
variations to correlate. It is essential, therefore, that each 
examinee selected should have different qualities differently 
developed. 

D 4 
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Table XXIX. — Rcliahihiy and Accuracy of Character- 
Estimates by Psychological Observers, 


Subject. 

1 

Correl. : t ion betv;eeii 
Judgments by 
Acquaintances 
(Reliability). 

Correlation between 
Judgments by 
Acquaintances 
and Judgments 
by Subject. 

Correiat'O'i betw^vn 
J.iilumeiiTs by Unacqa^inted 
Jnterviewor and Jnd;<nieats 
by Acquamlancc'' (nicl iding 
thk Snbiect iiimsclf ) 


Primary 

Secondary 

Primary 

Secondary Primary 

gecondaiy 


Qualities. 

Qualities 

Qualities. 

Qualities. 

Qualities. 

Qualities. 

A.B. . . 

•86 

•61 

•93 

•69 

•70 

•58 

C.D. . . 

•64 

•77 

•52 

•67 

•63 

•55 

E.F. .. 

•81 

•67 

•47 

•46 

•55 

•43 

G.H. ,. 

•63 

•78 

•66 

•64 

•47 

•45 

I J. . . 

•78 

•62 

•63 

•56 

-59 

•40 

KL. .. 

•76 

•65 

•60 

•61 

•57 

•38 

Average 

•75 

•68 

•63 

•60 

•58 

•46 


From the table here given it will at once be seen that the 
reliability is high. It averages -75 for the primaiy- qualities, 
and ’68 for the secondary. Once more, it will be seen that, 
even vdth adults, the primary qualities prove, as a rule, easier 
to estimate than the secondary. The few exceptions are readily 
explained : here the two persons judged were known to the 
individuals judging, not so much from their private life, as from 
semi-official relations — in the office, the college, or the school. 
Apart from these special differences, the unusual magnitude of a 
fev/ reliability coefficients is due to the fact that there were 
more observeis ^judging, and that the observers were better 
acquainted with the person to be judged. A.B., for example, 
was assessed by six different Judges, ail intimate friends with 
psychological training or experience : each had known him foi* 
periods varying from four to twenty years, working together in 
the same office, living together in the same hon=ie, oi travelling 
together abroad. For his primary or emotional qualities the esti- 
mates from the first three judges correlate with the estimates 
from the last three to the extent of -86, a figure quite as lugh as 
the reliability coefficients usually obtained for the criteria used to 
check the ordinary kinds of mental tests. The examinee Iiimself 
drew’ up an independent estimate of his-own character ; and his 
estimate for emotional qualities coirelates with the estimates 
of the six judges to the extent of *93. It is clear, therefore, 
that, at any rate for the emotional qualities of this particular 
subject, we have a most reliable criterion : it is difficult to 
conceive anything more trustworthy. Judged by this criterion, 
what is the accuracy of a stranger*s estimated ? 



67 


(c) Accuracy of Character-estimates by Psychologically-trained 

1 ntercicii'ers. 

The examinee just mentioned submitted himself for interview 
to a psychological visitor from abroad, a man to. whom he was 
unknown except by name, but who had had consideiable 
experience in temperamental ratings and who volunteered to 
apply the methods and the rating-scale described. The lopid 
judgment formed after one short interview of forty-five minutes 
correlated with the opinion of the seven independent observers 
(including the examinee himself) to the extent of *70 for primary 
qualities and • 58 for secondarj^ 

This, perhaps, is an exceptionally favourable instance by 
which to judge such estimates. V^et it is useful to know what 
is the highest measure of success that may be expected to attend 
such methods. The five other subjects were also interviewed bv 
a psychologist previously unacquainted with then^ ; and his 
judgments were compared with the averaged judgments of their 
friends. The whole series of correlations is shown in the last two 
columns of Tahle XXIX. The average accuracy obtained jit 
such interviews proves to be *58 for primary qualities and *46 for 
secondary qualities. 

At first sight these figures are less enconrjging than could be 
wished. Contrasted with the correlations obtained fr«.>m 
intelligence tests, they are undoubtedly low. With the correla* 
tions obtained from existing tests of temperament and character, 
however, they compare quite favourably. With tests of the 
latter type, applied to English children and adults, the reliability 
varies from *40 to *75 ; and the correlation with independent 
estimates of the qualities tested from *35 to *65.^ Thus, 
compared with direct tests of similar qualities, the resuils 
obtained at a personal interview are distinctly superior for t^e 
primary emotional qualities, but little if at all superior for the 
secondaiy or moral qualities. 

The smaller coeiiicients shown in the table are by no means 
uninstructivc^. The psychologist wdio iuterview''ed E.F. and GJ-I. 
thought it wiser to refrain from putting the usual searching 
questions into the candidate's emotional history, and from 
subjecting the candidate to any experimental test. Sabjocts 
I.J. and K.L. were, indeed, tested and interview^ed as though 
they had applied for vocational guidance— the tests being of the 
type above described, namely, tests of intelligence educational 
attainments, and manual and constructive skill ; but Ihese two 
subjects were themselves psychological students, possessing 
sufficient motive, knowledge, and intelligence to make a more 
favourable impression on their interviewer than their moral 
qualities reallj? warranted. 


^Burt, The Yoi-.ng D/NnqueHtf p. 
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It may be noted that the foregoing data prove quite clearly 
that the power to judge character is itself a variable characteristic. 
Indeed, the procedure hei'e employed might even be easily 
adapted to obtain a measure of the interviewer^s own reliability 
and accuracy as a judge of character. It is significant that, 
throughout the judgments we have examined, the women 
interviewers showed more rehability and accuracy than the men, 
and the practised psychologists more than the casual observer. 
Practice itself undoubtedly improves the power to judge another : 
with the same two observers, judging applicants for vocational 
guidance, the average reliability was, with the first six candidates, 
only *52, and rose, with the last six, to *69. 

One important conclusion emerges from all these observations. 
Judgments on vrell-defined elementary traits, particularly those 
of an emotional or temperamental quality, like timidity, socia- 
bility, and cheerfulness, are, as a rule, far more consistent and far 
more accurate than judgments on the more complex moral 
qualities, like honesty, industry, and reliability. Strangely 
enough, in ordinary interviews, it is the latter type of trait on 
which the interviewer most commonly reports, and of which 
probably he believes himself to be a truer judge ; the latter, too, 
are the traits which, at first sight, seem the most relevant in 
making vocational recommendations. But, if the foregoing 
inquiry can be trusted, judgments of moral quality are extremely 
fallible ; and, for these in particular, tests, when more carefully 
developed, will probably prove far more valuable than impressions 
gleaned at an interview. Nothing, however, can form a substitute 
for precise and detailed reports secured from parents, teachers, 
or welfare-workers, who kno^v the child and his history. For 
the rest, moral qualities are in the main acquired, and emotional 
qualities largely inborn. Hence, there is every reason to suppose 
that moral qualities are the more changeable, and emotional 
qualities the more permanent. 

We strongty recommend, therefore, that, in future inquiries, 
the interviewer^s attention be directed primarily to the assessment 
of emotional qualities, and • that, pending the development of 
moral tests, the assessment of moral qualities be bas^ chiefly 
on confidential reports from teachers and parents. It would 
appear, too, that moral and social qualities are in urgent need 
of the same exact analysis and the same precise definition that is 
available in the case of emotional qualities. 

Teuiperamental Assessments in Vocational Guidance A 

Wiidi is the bearing of this incidental study upon the vocational^ 
guidance of school children ? With one or two exceptions, the 
strongers interviewing the candidates as above described were 

^ Jn writing iisis section Miss Spielrnan and Professor Burt vnsh to 
express tlaeir indebtedness to Miss Smith, Miss Gaw, and Mrs. Ramsey ; 
data supplied by them have beau freely incorporated in the paragraphis 
that follow. 
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investigators of the National Institute of Industrial Psychology 
engaged upon the main research which forms the subject of this 
report. Hence the con'dations for reliability given in Table 
XXVIII, and the correlations for accuracy given in Table XXIX, 
may be taken as a fair index of the reliability and accuracy 
of these investigators' judgments as made in the course of the 
main inquiry. 

In passing our final judgment on the character of each 
individual child, we gained much assistance from the histories 
and the comments supplied by teachers and parents whom we 
visited.^ Often, indeed, it was found that the information 
was elicited with greater detail, readiness and exactitude 
when the points were approached indirectly rather than 
directly. Gradually we found ourselves working towards a 
systematic schedule of productive questions which could be 
usefully put in aimers t every case. What kind of games the 
child habitually plaj/ed, what were his hobbies, his favourite 
amusements, and his preferences in general reading, whether 
he played alone or with other children, v/hether he took the 
lead himself or submissively followed the lead that was given 
by others, whether he was popular among his school-fellows, 
whether he assumed a responsibility for the younger children at 
lionie, whetlier he wa.s a prefect or a monitor in his class, and 
whether he was a member of a club or of a troop of scouts — 
these and similar inquiries often brought the most lUaminatmg 
replies about the child's temperamental characteristics. 

The tests described in earlier sections pro\’'ed rich in oppor-- 
tunities for obsertdng moral and emotional qualities indirectly. 
Time after time we have been asked how the psychologist could 
allow for the ner^^ousness that most children feel when summoned 
for a special mter\dew. The easiest way to overcome such 
nervousness is to give the child something to do ; so soon as he 
becomes interested in a practical test, like the form-boards or 
the picture-puzzles, he begins to reveal his normal qualities and 
to beha ve in natural or habitual manner. Indeed, the examiner 
w^ho has recourse to such tests finds the problem of nervousness 
vanish almost entirely ; and gains a far belter opportunity for 
judging the child's leal character than if he simply questions him 
directly, after the manner of the ordinmy intertiewer. 

In the performance tests in particular, several important 
points could be noted with ease again and again.'^ (1) The child's 
general .speed of movement was nearly alwa^i^s suggestive ; it 
seemed possible to infer whether in the ordinary situations of 
industiiai life he wmild be quick or slow, calm or excited, impulsive 


^ Seo pT-ecedmg iootnote. 

2 In an eariier paper {''A Study of Perfoimanct Tests/* Bnt, Jotirn. 
Psych., 192c, p. 389) Mh'iGaw has pointed out how temperamental 
qualities — such as impulsiveness, initiative, rlominaiice of purpose — are 
frecjiiciitly brought out by iion-'vorbul te^ts like the Porteus Mazo-tests 
and the Kelly test of constructive ability. 




70 


01 deliberate, likely to do his best when left to himself or needing 
a little external pressure to bring out his maximum efficiency. 
(2) Equally instructive was the effect of success and failure. One 
child would be almost indifferent whether he accomplished the 
tests or not ; another would become worried or en exasperated 
by the smallest difficulty : and a third would be so anxious and 
so over-scrupulous to avoid any mistake, that he bungled all but 
the most habitual and rneclianical reactions. There was, too, a 
marked difference between the children who wotdd persevere in 
spite of partial failure, and those who were inclined to give up 
at every obstacle, even in tasks appealing to their ‘’deepest 
interests. (3) A third point that could be noted was the presence 
or absence of self-criticism : the self-complacent child would be 
saliefied with any result however poor ; the over-coufident child 
would take up the hardest problem with the same eagerness as 
fclie easiest ; the diffident child would search again and again for 
possible errors when in point of fact his work was complete and 
• irreproachable. 

Among the tests of a non-perfonnance lype, the questionnaire 
on cieathv'e imagination was one of the most illuminating. The 
fantasies and self-told stoxies which many of the chikkon described 
often threw much light upon, the moral arid ('motional peculiarities 
of the W'ritcrs. One smaD delicate girl, outwardly shy and retiring, 
wrote that, in the tales that she told herself at night, she alwa}/s 
imagined heiself to be Hercules. A boy,, not otlierwise known to 
be dislionest, wrote, in answer to the question — “ What is the 
cleverest thing you ever invented?'' — “ I have thought of a way 
of getting gas without putting money in the meter, by a hole in 
the pipe and fixing another pipe in it. It won't be seen." 
Contrast, too, the foilosving answers given respectively by a neat, 
c]uiet and c<juscientious girl, and an untidy boy of selfish dis- 
position. The question was — “ Have you ever imagined a room 
just as you would like it best ? WTiat was it like ? " The first 
wrote • “ With all the brass polished, the beds with all white 
sheel:: and blankets, a beautiffil clean window, and everything 
looking bright." The second wrote : Cushions, chairs, arm- 

chairs, electric lights, bathing room, tennis ground, servants, and 
wine with dinner, waitr^ses, motor-car, mats and carpets of bear 
skin and polar skin," 

Quite apart, however, from any special tests and questions, 
the child's first response to the several strangers who interview’’ed 
and investigated him w^as nearly always significant. Each 
investigator was asked to observ'e whether the child's manner 
was easy or not, whether he was embarrassed, qui^t^ or sky, 
whether he was openly sensitive to praise and blame, whether he 
seemed con.scious or unconscious of being observed, whether he was 
taciturn, tx)mmunicative, or exceptionally garrulous, and whether 
he proved readily distracted by the persons around him. It is, of 
course, impossible to be sure that the child’s behaviour at 
such an interview is a typical reaction, a response habitual with 
him in such sit tiat ions. Nevertheless, as each was seen by four 

different investi&^atcjrs on ^everpil nrrfi<iTnr»a flnA r*-f orrv\cc 
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misinterpretation were greatly diminished. Sumetirnes, indeed, 
it happened that a child seemed nervous with some tests and not 
with others, excitable on one day and apathetic the next, av/kward 
with this investigator^and natural with the rest ; and these very 
differences themselves, when subsequently discussed and analyzed, 
almost always proved instructive. On the w^hole. liowever— as, 
indeed, the correlation? cited above might lead us to suspect — 
there was a remarkable similarity in the chikVs behaviour during 
the different intervisiws, and a liigh measure cif agreemem among 
the four investigators concerned. 

Howkhe qualities thus assessed behr upon vocational guidance 
must be obvious to all who have had experience ol (he needs of 
industrial life. Perhaps the most important point is to decide 
how well the examinee is likely to get on with other people. 
What may be called the personal emotions — the emotions aroused 
by the presence of other human beings— happen, as we have just 
implied, to be among the easiest to gauge. Kor is it diffecult 
to pick out among the examinees two main contrasted groups ; 
first, those who are interested in persons and tisually work best 
in the company of others, and, secondly, those who are not at 
their best in human relations, and are less interested in other 
persons than in inanimate objects or things. When intellectual 
as w^ell as temperamental qualities are taken into account, each 
of these two main groups may be’ cross-divided into a pair of 
sub-groups. There are tliose who like dealing with persons 
directly, and those who prefer to deal with them indirectly and 
at a distance through correspondence and wrilten records or 
reports. Similarly, there arc those who like dealing with things 
at first hand, and those who prefer to deal with them indirectly 
through descriptions or calculations on paper. If w^e class 
together the second sub-group from either pair, w^e have a 
threefold classifi-cation of the greatest v?Jue in vocational 
recommendations. We have to ask, of each examinee, whether 
he is likely to deal best with persons, with things, or with papers. 
An examinee belonging to the first of these three classes is 
obviously suited to employments that bring him into active 
touch with other human beings ; he is fitted for such vocations as 
that of a teacher, salesman, or commercid tiaveller. An examinee 
in the second class is more suited to impersonal work, such as 
that of the chemist, the mechanic, or the engineer. An examinee 
in the third class is best suited to what may broadly be called 
office work — the handling of reports, corresj'ondence, and files. 

Other temperamental qualities may be ol importance in 
choosing or rejecting occupations more specific. The youth 
marked low for honesty is har^y to be trusted in a bank, a 
post-office, or a pay-box, where he , may have, to handle 
tempting, sums of money. The youth marked low for industry 
or reliability is unlikely .to give satisfaction in a post which calls 
for steady conscientious work with little or no supervision. The 
timid, nervous lad is not fit for any occupation involving daily 
risks or needing prompt decisions in emergency, like that of the 
airman, the sailor, or the chauffeur. The shy, submissive pkson 
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will probably fail liopelessly in posts requiring leadership, 
disciplinary force, or self-reliant independent action. The boy 
marked low for assertiveness will hardly do well in a business 
requiring confidence and push. The girl marked low for tender- 
ness is unsuited to be a teacher or a nurse. The talkative girl 
may be miserable in a room to herself, ? nuisance in a workroom 
with other people, but a marked success as a saleswoman. The 
bad-tempered person will be a source of trouble in a factory or 
workshop wliore he must submit to rough manners and blufi 
criticism. The unstable pen on, always wishful for change and 
excitement, will not toke w’ell to a monotonous and sedentary life 
or to a daily round of repetition 'work. On the other band, the 
nervous person with dreamy habits will probablj^ be happier and 
more efficient if she can be left to herself with nothing but the same 
meiharxicai roufino a? day follows day. 

These, then are the more important temperamental qualities 
v\'hich it v;a.s found essential to assess ; and these are the ways in 
which such assessments determined the recommendations given. 
Although, in the three schools where the main investigation was 
carried on. it was not found possible to assess every child 
systematically for e.ach of the qualities enumerated, nevertheless, 
outstanding characteristics ivere noted under these heads ; and 
the notes were found to be of tiie greatest value in deciding at 
the end of the inquiries what particidar career shrrald be selected 
for each individual child. 

Vn, Home Conditions. 

By fjcnics K.vmsu’v. 

GKKEitAL DescriptiOxn: of the Homes. 

The homes of the children tested were specially visited ; and, in 
accordance with the general scheme drawn up by Dr. Burt, the 
following particulars, where possible, were obtained.^ 

1. Home condiiions. — ^Names, ages and occupations of all 
members of the family. Number, size, and condition of rooms 
occupied. Rent and total family income. Special condiiions 
such as death or desertion of -parents or the presence of 
foster-parents. 

2. Family history. — Health, intelligence and character ^of 
the various members of family. 

3. Personal history, including a record of the health past'^and 
present of the child himself, scliools attended, and changes of 
dwelling place. 

4. OtU-of-$chool behaviour, including parent's report upon child 
with piirticular reference to his intelligence, temperament, 
interests, special abilities, hobbies and amusements. 

5. Iniended occupation. 

3 Ah \\’ili be seen from the tables, it proved iinpusHible to gam full 
particuiars for every one ot ilie hundred cases selected foi special {study. 
No satisfactory data were available for the prosperity of the home in the 
case of four children, nor for the intelligence of the mother m the case 
of twenty-one. 
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In nearly every case it was possible to obtain fairly full 
information on ail i lie above points ; and in no case did the parents 
seem to resent the inquiry. Many were pleased at ho Ving so much 
interest taken in their children; and thought the scheme for 
vocational guidance excellent idea/’ 

The district fiom which the schools were selected for the 
investigation had been chosen as representing a fairly average 
sample of the population of London, The houses visited were, 
on the whole, neither very poor nor yet very prosperous. Alter 
all the visits had been made the homes were grouped into four 
classes— (i). Superior, (ii). Good, (iii). Moderate, and (iv). Poor> 
This classification was based simply upon a personal estimate 
of the general prosperity ” of each home. The number of 
persons per room, the condition both as regards cleanliness and 
comfort, and the class of house in which the rooms were situated, 
together with the probable or known income of the family, were 
the chief factors taken into account. An effort was made not to 
be biased by the intelligence or affability of the paient interviewed. 
After the classification based upon general prosperity Lad been 
made there were found to be — 

14 “ superior ” homes. 

34 good " homes, 

32 moderate ” homes, 

16 poor ” homes. 

These were very" evenly distributed among the three schools 
where the tests were carried out, there being no significant difference 
between the general prosperity of the families from which the 
Several schools were recruited. 

In the superior homes the average number of persons to 
each room was T3; in the good and moderate homes, 2*0; 
and in the poor homes, 2-7, 

The average number of children was 3-9 in the superior 
families, 4-6 in the good and moderate, and 5-9 in the poor. 

The chief occupations of the parents were as follows : — 


Table XXX . — Occupations of Parents, 


FATHER’S OCCUPATIONT. 

MOIHER’S OCCUPATION. 

Railway (porters or carters) 

15 

Chanrig 


12 

Engineering . . 

n 

Clcaiimg oificts, etc. 


7 

Building and decorating 

10 

Shop 


3 

Borough Council 

7 

TaiioiriEig 


1 

Shopkeeper’s . . 

6 

Waxtre&s 


1 

Clencal 

5 

Cook 


1 

Policemen 

S 

Barmaid 


1 

Van driver 

3 

Confectionery, . 


1 

Printing 

3 

At home 


Oi 

Fiench polishing 

3 

Dead . , 


9 

Piano nuking. . 

2 

Not ascertained 


3 

Cabinet making 

2 




Hotel porter , . 

Invalid 

2 

3 




Dead . . 

9 




Miscellaneous jobs . . 

13 




, Not ascertain^ 

3 





100 



100 


— 



— 


^ The classes may be taken as corresponding appioximaleJy to Charles 
Booth’s classes F, E, C, and D respectively {Life and Labour in London, 
I, pp. 33 et seq,). 
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The following examples will make clear the type of children 
we were dealing with : — 

Superior Home . — ^The father is a builder and decorator owning 
his own business which brings in a steady income of about £] 
per w’eek. The mother is an intelligent woman with a pleasant 
disposition. She keeps the five well-furnished rooms very neat and 
comfortable. There arc four children ; the eldest son drives a 
motor van and earns £3 a week ; the eldest daughter earns 25s. 
a week as assistant dressmaker in a good firm. Annie, the girl 
tested, is just about to leave school. She is much abpve the 
average in intelligence: (mental ratio, .128). Her tastes and 
abilities are all on the literary side, prompting her to occupy her 
spare time in reading and writing stories. She wishes to take up 
secretarial work ; and will probably get a good post when she 
is older. The youngest bo)^ is still at school. 

This family all get on well together and seem very happy. 
Annie is not forced to earn a large wage immediately ; and she 
has been advised to train in secretarial work. 

Good home . — ^'Fhe father is a goods checker on the railway, 
earning £4 per week. He has five children — two girls working at 
local factories, Jennie, the girl tested, and two younger children 
still at school. There ate three weD-kept rooms. The mother 
is intelligent, pleasant and fiiendi}^ 

Jennie is rather slow and retiring, and has no “ push.*’ She is 
fond of reading and sewing, but not very good at either. Her 
general intelligence is j)oor (m«‘ntal ratio, 81). She was recom- 
mended for factory work ; and a place has been secured for her 
at the factory with her sister. She now .says that she is glad 
she didn*x try to become a dressmaker.** 

Moderate home . — The father drives a brewer's dray, earning 
£2 14s. Od. Of the five children, one boy is in the Navy and 
contributes 9s. to his home, another is apprenticed at 10s. to a 
scientific instrument maker, three are still at school. Three rooms 
well kept : rent, 10s. The mother is very intelligent, emotional 
and rather irritable. Maurice, the boy tested, is intelligent 
(mental ratio^ 112) ; he is very energetic and has plenty of 
initiative. He wants to be a telegraphist ; and his quick reactions 
in the tests of manual dexterity made this an excellent calling 
for him to take up. 

Poor home. — Father, carriage washer on the railway, wages 
35$. per week. Five children all under 14. Jerry, the boy tested 
is the eldest. Two rooms ; very untidy, dirty and poorly 
furnished, in a poor class house : rent, 8s. Gd. The three youngest 
children are not very strong. Mother moderately intelligent, 
cheerful and ple^ant. She says Jerry is intelligent, likes an 
outdoor life. He is not cl^er with his han,d 3 and of no use in the 
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house. His meutal ratio is only 84. He wants to go on the 
railway; but his paxents prefer an office. Jt is clear that he 
could never make a competent clerk, and was recommended to 
become a junior porter. He is now viay satisfied with iiis work, 
and is said to be doing well. 


Rfxations between Home Conditions and Intelligence 
OF Mothers and Children. 


A, Comparison of Mother s Intelligence with Vrosperity 
of Home. 


An attempt w'as made to grade the intelligence of the mother — 
the parent most often interv'iewed. Only a rough estimate 
could be made during an interview lasting from 20 to 40 minutes ; 
and of course this estimate was entirely a personal one based upon 
the judgment of one investigator only. Notes were made 
immediately on leaving the house, and the mother described as 
(1) Very Intelligent (A+) ; (2) Intelligent (A) ; (3) Moderately 
Intelligent (B) ; or (4) Unintelligent (C).^ 

'When all the visits had been completed a comparison was 
attempted between these four groups and the prosperity of the 
homes from which they came. The results are summarized in 
Table XXXL If the homes are arranged in order of prosperity 
and the mothers in order of intelligence, the correlation between 
the two proves to be -31 (probable error, i-07). 


Table XXXI . — Intelligence of Parent compared with Prosperity 

of Home. 


Class of 
Home. 

Number 

of 

Mothers. 

Number of Mothers in each Class showing 
the Grade of Intelligence specified. 

1 

1 

b’ 

C. 

Superior 

1 

13 

3 

4 

3 

3 

Good 

27 

3 

16 

8 


Moderate 

25 

] 

8 

12 

4 

Poor 

14 

0 

2 

9 

3 


^This classiftcatioh may be taken as rougiily corresponding to the 
classiEcation given above m Table IV. A corresponds to Class IV (average 
mental ratio, 107) ; Bio Class V {average mental ratio, 92) ; and C to 
Class VI (average mental ratio, 79). The few cases falling into Classes I, 
II, and HI, are grouped together as A-b (average mental ratio, 124). 
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B, Comparison of Child* s Intelligence xmih Prosperity of 
Home, 

The average Mental Ratio of the children from each of the 
four classes of homes was found to be as follows : — 


Table XXXil. — Intelligence of Child compared with Prosperity 

of Home. 


Class of Home, j 

jSJ umber of Children. 

Average Mental Ratio 
(Binet tests) . 

Superior, . 

14 

109-5 

Good 

34 

98-8 

Moderate 

32 

91-5 

Poor 

16 

89-3 


The correlation between the intelligence of the children and 
the prosperity of the borne is -43 (probable error, ±-06). The 
grr*up is too small, and the classification too rough, to permit of 
much impurtance being attached to this figure. The result ob- 
tained, however, is in close agreement with those published in a 
former investigation undertaken by the Medical Research 
Council : and points to a distinct but not very high correlation 
between home conditions and the intelligence of the children. 

Note . — ^For the purposes of vocational guidance, the point that should 
cliietly be emphasised is not the presence of the correlation, but its 
comparatively low degree. In terms of the mental ratio, the average 
intelligence of the boys aiul girls coming from superior homes is only about 
20 per cent, above that of the children coming from the poorCwSi. On the 
other hand, ■vvirhin one of the four economic groups, the irtelligence of 
the individual bov.s and girls varies considerably. Accordingly, it would be 
extremely uuvvi.^e to rcconiinend a child to take up a superior occupation, 
simplv because he comer, from a superior home, and looks well clad, well 
groomed, and well oared for, and has the manners of the well-to-do. 
And it would be still more wasteful to assume that because a child's home 
conditions arc poor that his mental ehicicncy is therefore fit for nothing 
but occupations of a lower grade. In the long run it may, indeed, be true 
tliat children bright enough to win scholarships are far less numerous in the 
families of the poor than in those of the better classes. Yet, in giving 
advice to individual cases, the essential fact to realize is this : the range of 
individual variation is so wide, that from time to time children of high 
intelligence may be forthcoming even from the poorest homes and in the 
poorest neighbourlioods ; and, hence, a special watch is needed, and 
perhaps a special type of test should be applied, to discover these unex- 
pected cases. 

C. Rolation betivcen Intelligence of Mothers and Children. 

The intelligence of the mothers, based, as before, upon the 
personal interview, was compared with the intelligence of their 
children us determined by the Binet tests. The results are sum- 
mari?.ed in Table XXXIIL So far as they go, they are consistent 

^ Isseriis and Wood (1923) ; — ^The Correlation between Home Condi- 
tions and the IntelUgeme of School Children Spec. Rej>. Ser., 

No.74,pp 17-^lB.). 
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with those obtained by previous investigators, which tend to 
indicate that a child’s intelligeiice is correlated somewhat more 
closely with the intelligence of his parents than with the material 
prosperity of his home. The cora'elalions given by our data are 
'51 and -43 respectively; but, with a group so small, the 
difference is barely significant when compared with the probable 
error (d: '08). 


Table XXXIII . — Intelligence of Mothers compared with 
Intelligence of their Children. 


Inteliigence of Mothers. ! 

'Number of Children.' 

Average Mental Ratio. 

A-f., 

7 

110*6 

A 

30 

104*0 

B 

32 

93*9 

C 

10 

85*1 


' In no case was there more than one child tested from each home. 


Bearing of the Home Inquiries upon Vocational 
Guidance. 

At first sight it might be thought that these inquiries had but 
little relation to the problem of the child’s fitness for a particular 
employment, and that the few particulars required co-^d be got 
by inviting the mother to the school for a short interview. It 
proved, however, that the additional knowledge disclosed during 
special visits to the homes was of great assistance. 

To begin with, many of the child’s individual traits cannot 
be discovered, or at least cannot be understood, except in the 
light of full information about his family history and his out-of- 
school surroundings. With exceptional children of every type, 
bright or dull, difficult or troublesome, the question constantly 
aris^ — how far are their special characteristics inborn and 
therefore permanent, and how far do they spring from the 
advantages or limitations under which each child is living ? 
This question, as a rule, can only be answered after a special 
study of his life at homo. 

The parent’s description of the child’s interests, hobbies, 
and every-day behaviour, throw's .light, not only on his non- 
scholastic aptitudes, but also on the more elusive problems of 
temperament. Further, it is alwa 3 rs essential to take into account 
the parents’ own desires as to the future occupation of their child, 
and to learn what responsibilities he may have to shoulder at 
home, what encouragement he is likely to receive, how far his 
private ambitions will be fostered, and to what extent his further 
training and education may be assisted. One question has alwa^ 
to be answered. How far do the family conditions make it 
imperative for the child to find remunerative emplo 5 mient, either 







78 


immediately or in the near future ? With these special problems 
in view, it is essential to know, not merely the size ot the family 
and the amount of the income, but also the legularity of the 
income, and the likelihood of its increasing or decreasing in the 
near future owing to the age of the parents or of the older 
children* 

It was found that many paients wished their children to 
follow the same trade as themselves. In such circumstances 
they could often give the child material assistance in his training, 
or kiggest fpr him an immediate vacancy of the kind required. 
And generally, whenever the child's parents or friends had some 
definite situation in view tor him, it seemed wiser not to urge a 
different alternative, unless it had become clear beyond dispute 
that the child’s abilities would not be equal to the work, or that 
his temperamental inclinations were hopelessly opposed to it. 

Often, indeed, the social character of the child ^and of his 
home brings difficulties of its own. In a few instances, among 
the pooler districts visited, the child's family seemed likely to 
prove not a help but a handicap , and more than once the main 
recommendation that we had to make in the child's best interests 
was this — ^that, whatever engagement was ultimately found for 
him, it was desiiable that he (or she) should reside away from 
home — ^placed, perhaps in domestic service, or sent to a firm 
which required its employees to ‘ live in.' Sometimes his very 
home address may be a drawback. In certain firms and offices 
we were informed that there seemed to be an element of 
snobbishness or exclusiveness among the employees; in one 
place, a, child from <l cultured home, placed among rougher 
companir)ns, might find himself despised for seeming supercilious 
or super-refined ; in another, a child from a home less cultured 
might be boycotted for his accent, manner, or style of dress. 
Not for a moment was it our intention to preserve or foster a 
spirit of class distinction ; we sought simply to consider to what 
extent the actual facts of the child's home life might penalize 
or favour him. Always it was our intention to give the boy with 
special intelligence or special talent a fair chance to better 
himself, no matter how poor and abject his home conditions 
might seem ; and, as a rule, these considerations altered, not so 
much the type of employment we were recommending, as the 
type of firm to which he might be adrised to go. 

Above all, it seems desirable that the ultimate decision should 
be foi'nied by the parents or by the child himself, not.by some 
outside expert oi official presenting them mth a ready-made 
decision. Generally speaking, the proper policy for the vocational 
adviser is not to confront the family with a single pre-arranged 
recommendation, but rather to say to them : these are the 
special qualifications or disqualifications of your child ; these are 
the types of employment which seem open to him ; they will 
impose sucli and such requirements, and will have such and such 
advantages ; it is for you to make the final choice." 
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Vin. Physical Conditions. 

By Lettice Ramsey. 

It was not thought possible or desirable in this preliminary 
research to arrange for. a special medical examination. Before 
deciding tu what extent such an examination is necessary for 
sound vocational advice, it seemed wiser first of all to discover 
how far the points already ascertained might be of genuine help.^ 

We yv'ere, in every case, allowed access to the medical cards 
recording the results of the medical inspections previously carried 
out at the school. These data were further supplemented by 
inquiries from the teacher, and (most heJpful of all) by inquiries 
fiom the home. The results were always duly weighed before a 
final recommendation was put forward. 

A general rating, or averaged assessment for the child's health 
as a whole, would be of great assistance in vocational guidance.^ 
Different callings make very different demands on sheer physical 
stamina — on the power to work hard and continuously, resisting 
fatigue and petty ailments ; and this is a quality which has little 
relation to special illnesses, defonmitics, or defects. The marks 
for ‘ nutrition ’ ^entered on the card, together with the child’s 
height and weight, were in this respect often suggestive ; but the 
impression formed by the interviewer of the child's physique, 
vitality, and general bodily appearance, together with the 
accounts of the parents and school teachers, was often dor our 
purpose far more helpful. 

For the rest, it appeared that physical conditions were far 
less important than mental conditions. Only in exceptional 
cases was it found that such data bore directly upon the choice of 
employment ; and then the inferences made were of a negative 
rather than of a positive tj^e. 


1 Should any more extensive research be organized, we now feel 
disposed to recommend the introduction of a special physical and medical 
examination. It is a common experience that, in dealing with defective 
and delinquent children, the ordinary routine medical inspection proves 
often to be too brief and inadequate to bring to light even the relevant 
ph3;^icil peculiarities : a special examination by a medical specialist is 
nearly always to be desired. So too for studies in vocational guidance : 
a special examination by a medical officer, familiar with the particular 
points requiring to be settled for such a purpose should, if possible, be 
arranged, if only to see whether such special examinations are likely to 
produce any new or important information. As we ourselves can testify, 
the interest of the school medical department in such work as this is so 
great and genuine that it should not be difficult to enlist the co-operation 
of the school doctors as well as the school teachers. 

2 An interesting side-issue, for research would be- an investigation by 
purely statistical methods into the existence of a general health factor 
analogous to the general' intellectual factor known as intelligence. The 
validity of such a conception— or at least of such a mode of Averaging 
the specific assessments into a final grading — ^would be of great help to the 
vocational adviser. 
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The child’s height is always recorded apon the school cards ; 
and has sometimes to be taken into account in advising certain 
employments. For a number of callings — that of a soldier or 
policeman, for example, or lads entering the pest office — a. 
minimum height is essenlial. In other cases, a boy below the 
normal height, particularly if he is active as well as small, can 
be usefully recommended for such situations as that of a page, 
where a low stature rather than a tall one is preferred. In 
certain occupations, too, — such as those of a wait. '■ess, a salesman, 
a mannequin, or a pailour-maid in a super ior household — ^good 
looks, a good bodily carriage, and an attractive appearance 
generally, are often an important asset. 

The weight of tire child as compared with his height, and 
the general notes made as to his muscular condition and general 
nourishment, are often suggestive ; and might perhaps sometimes 
be supplemented to advantage by dynamometric measurements 
of muscular strength, and by specific tests or observations which 
might seem of small significance from the standpoint of health, 
but would prove of great importance in particular trades or 
industries. Many occupations involve muscular strain, strength 
of particular limbs or muscle-groups, exposure to bad weather, 
standing for long hours, lifting heavy weights, and the like. 
Children with weak hearts, flabby musculature, or special 
conditions such as hernia, are obviously to be warned against 
heavy labour. Often, too, the child’s sn-caUed diathesis, or the 
parents' account of his past ailments, may negative any occupation 
involving excessive cold, heat, or damp. 

Many forms of weakness make prolonged hours of sitting wholly 
inadvisable. Respiratory troubles generally are unfavourable to 
work indoors, particularly work in a dusty or ill-ventilated 
atmosphere. The so-called pre-tubercular child — ^to take a 
special instance that came more than once tmder our attention — 
was, where possible, persuaded to take up work in the open air 
— ^at a boolffitall (for example) or as a checker on a railway. 

Sensory defects were also noted.' A child who was slightly 
deaf could not be recommended to take up any occupation 
bringing him into constant contact with other persons, particularly 
with strangers. The child suffering from visual defect, particu- 
larly hypermetropia or astigmatism, was advised not to take up 
occupations involving eye-strain, such as needlework, even where 
the child desired it. Children with speech defects were similarly 
urged to take up impersonal rather than persoiral occupations, 
and were warned not to accept such a position as that of shop- 
assistant. Quite minor conditions may at times be of the utmost 
importance. It is essential, for example, that the laundry girl 
should have strong arms, and that the girl who takes up nee&e- 
work with delicate materials should have dry hands. 

Sometimes, it is true, we felt that in the diild’s best interests 
some of these contra-indications would have to be ignored. 
We have known cases of children with defective vision who have 
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been told never to take up close work requiring a constant use of 
the eyes, who, nevertheless, defied the warning, and have seemed 
to suffer not the slightest harm in consequence. We recollect 
one case where in theory the child should have been cautioned 
not to take up any occupation requiring more than average 
intelligence, or involving muscular strain, nervous strain, exposure 
out-of-doors, or an ill- ventilated atmosphere indoors. Neverthe- 
less, it was imperative for the child to obtain work immediately ; 
and it seemed hardly likely that the child would at once find an 
emplo3nnent which would fall in with all these negative require- 
ments. We feel, too, that it should be borne in mind that many 
of these conditions may be no more than temporary.- The child's 
health or strength may improve ; and it seems unjust that, in 
virtue of his condition at one particular time of his life, he should 
be for ever dissuaded from taking up an occupation for which he 
rfiight otherwise seem fit. Indeed, in numerous cases we believe 
it to be desirable, could it only be arranged, that such children 
should be re-examined after an interval of three or four years, 
and that the recommendations should then be reviewed and 
revised. 


IX. Methods oi giving Advice. 

By May Smith and Lettice Ramsey. 

General Considerations. 

When all the tests had been given, the results worked out, and 
the home visiting concluded, the investigators met to discuss the 
occupation to be recommended to each child. Notes were made 
on each of the one hundred children tested, summarizing their 
performances in the tests already described, and combining the 
personal impressions of each investigator and the inferences 
from the home conditions. The problem then was to decide 
what occupation seemed most nearly suited to the abilities and 
temperament of each one, so far as it had been possible to 
ascertain them by tests and personal observation. 

In its general lines the procedure adopted was based on that 
worked out by Prof essor Burt and his colleagues at the Vocational, 
section of the National Institute.^ He has described it as a 
method of 'progressive delimitation.' Starting first of all with 
the factor that seems the most general and therefore the most 
widely influential, and then proceeding step by step to so-called 
group-factors, and ultimately to factors quite specific, whole 


1 For the general principles involved, see Burt, ' The Principles of 
Vocational Guidance,' BriL Journ. Psych,, XIV (1924), pp. 336-’52. 
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classes of unsuitable occupations are gradually eliminated and 
the choice in the end is narrowed down to one or two particular 
types of employment. 

Thus, broadly speaking, tlie final decision is reached through 
three or four distinguishable slagtis : 

(i) Every child was classified, first of all, according to the 
general level of his native intelligence. For this our main guide 
was the child's mental ratio in the Binet tests, averaged with 
or adjusted by his mental ratio in the Performance tests, and 
at times corrected in accordance with the statements oPteacherS 
and parents, and the personal impressions gained during our 
interviews. He could then be placed in one of the eight classes 
enumerated in Table IV. This at once limited the scope of 
reasonable choice. The alternatives open to him were reduced by 
four-fifths. Instead of the one hundred or more different types of 
work enumerated in the table, we now had to choose at the 
oulside between twenty or twenty^five. 

(ii) The child was next considered from three points of view : 

(A) his verbal or linguistic ability as shown by his achievements 
in the Binet tests and in the tests of scholastic attainment ; 

(B) his practical or non-verbal ability, as shown by his achieve- 
ments in the performance tests, supplemented by reports on his 
handwork and on his common sense in the practical affairs of 
(*vcry day liie ; (C) his social ability — ^ability to get on with 
others — as reported by teachers and parents and assessed in the 
peisonal interview. From each of these three points of view 
Iho children were then sub-classified, and each was lentativel}^ 
allocated to a corresponding occupational group. 

(iii) At this stage certain more specific factors were brought 
forward, as likely to limit still further the final recommendation. 
Of these the more important may again be sub-divided into 
four groups : — 

1. Special Ahiliiies : for example, those needed in scholastic 

or in manual and mechanical work, or in dressmaking ; 
or, again, such specific capacities as may be loosely 
summed up in the terms memorj^’ or imagination. 

2. Special Tcmpcraniental Qualities: using the term tempera- 

mental in a broad generic sense (for example, happy or 
unhappy disposition, choleric or phlegmatic moods) 
and including such personal qualities as originality or 
initiative, and such miscellaneous points as the child's 
special interests. 

3. Physical Conditions, whether of a positive or negative 

implication. 

4. Home Conditions, with special reference to the immediate 

need for ntmunevative employment, the j/ai eats' wishes 
for the child's future, and the openings accessible in the 
neighbourhood. 
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(iv) In a majority of cases, it was found that these successive 
considerations converged ultimately upon a single kind of employ- 
ment as being the only one consistent with tiie child’s individual 
requirements, with perhaps two or three alternatives in an order of 
diminishing suitability. The problem in its final stage re.sembled 
one of vocational selection rather than of v'ocational guidance. 
Assuming, as it were, that tlic child has become an applicant for 
the emplo 3 unent thus indicated, the psychologist proceeds to 
analyse the candidate’s suitability from tliis new standpoint. 
He can^now, if necessary, apply special sclcction-tc-sts for that 
occupation, or re-investigate in greater detail the child’s jjower 
to meet all the needs of the occupation proposed Thus, without 
applying all the selection-tests to all the individuals, tlie fitness 
of each one for whatever has been suggested can be checked and 
verified, and the final recommendation can bo confirmed. 

These, at any rate in theory, seem to be principles upon 
which vocational advice can best be given. Already in the table 
above^ we have enumerated the commoner occupations suited to 
each distinguishable grade of general intelligence. Wc need only 
add that our unifonn practice has been to turn first to the 
highest form of employment at which each child might reason- 
ably aim. 

The children falling into the three subordinate groups, 
marked by high development of some one special qtiality — 
linguistic, practical, or social — deserve illustration here at some- 
what greater length. The following are typical cases : — 

(а) Those children who fell in the top half of group A and 
who were not particularly high in group B or C'{i.e., those who 
were distinguished only by a marked degree of linguistic intelli- 
gence) were, as a rule, recommended to .take up clerical' work, 
always provided that they had reached a sufficiently high 
scholastic standard and w'ere not unsuited by temperament to a 
sedentary life. 

A.B., for example, had a mental- ratio in the Binet tests 
of 121, hut only reached 87 in tire non-linguistic tests. Of the 
24 girls who were tested in her school, she ranked 4th in speed 
of arithmetic. 8th in oral arithmetic, 5th in speed of writing, and 
8th in spelling. Her social qualities were not well developed ; 
she found it difficult to make friends, was not interested in pla 3 dng 
with other children, but preferred to read at home ; she was 
reserved and quiet. She was advised to take up office work, and 
to attend classes in book-keeping and accountancy. 

(б) Those falling in the top half of the second group,' B 
[i.c., those of marfed non-linguistic abilities) were advised to 
take up a .skilled trade, the particular trade recommended 
depending upon special abilities, temperamental factors and home 
facilities. 


1 See above page 16, Table IV. 
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For example, C.D. hada mental ratio of 112 in the perform- 
ance tests, and a mental ratio of 85 in the Binet test§. She was 
good at the dressmaking tests, and was anxious to enter that trade. 
She was recommended to do so. 

E.F. had a mental ratio of 97 in the performance tests, 
and of 78 in the Binet tests. He was an imaginative boy, but 
rather shy, and did not get on particularly well with others. His 
scholastic standard was low. He was, however, interested in 
work with his hands such as carpentry, and showed some 
constructive ability. He was advised to take up cabinet-making. 

(c) Those belonging to the top grade of group C {i.e., those 
who showed a marked degree of social ability and were likely to 
be particularly successful in dealing with people) were advised, 
in most cases, to take up some kind of emplo37ment where this 
gift would not be wasted, even if they were, in other respects, 
fitted for clerical work or the skilled trades. Of the girls of 
moderate abUity, many were advised to be shop assistants or 
waitresses ; and of the boys several were advised to become shop 
assistants, waiters, or ’bus conductors. 

G.H. had a mental ratio of 117 in the Binet tests and 108 in 
the performance tests. She had imagination and very good 
constructive ability. She might have been advised to take up 
clerical work ; but her scholastic standard was not particularly 
high, and her personal qualities — ^a good appearance and good 
manner and a capacity for “ getting on ” with people — added 
to the fact that she was not interested in " bookish ” things, 
s,eemed to indicate that she would be more successful as a shop 
assistant, particularly if she were placed with a progressive 
firm giving her a chance to gain a good position. 

J. K. had a mental ratio of 96 in the Binet tets and 100 in 
the performance tests. He was rather small and childish for his 
age, good looking and with good manners. He was energetic, 
bright, and inclined to be sprightly and even mischievous. He 
was advised to start as a page boy in a big hotel. 

There were several cases, less well-marked, who fell in the lower 
half of each group, but who, at the same time, showed more 
ability in one group than in either of the other two. 

Those whose linguistic side was most predominant, but 
nevertheless not highly developed, were recommended for the 
lower branches of clerical work, such as that of a stock room clerk 
or goods checker. Those showing moderate non-hnguistic alnlities 
were advised to take up factory work or packing, the latter 
especially if they showed any ability in judging form relations. 

Those who possessed social abilities and were willing and 
go(^-natured, but were not remarkable for intelligence as 
estimat^ by the tests, were considered suitable for such 
occupations as house boy, assistant in a small shop, etc. 
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The following table illustrates the recommendations made 
in accordance with these principles : — 


Table XXXIV . — Occupation Recommended according to 
Analysis of Ability. 


i 

A. — ^Linguistic 
Ability. 

B. — ^Non-linguistic 
Ability. 

C. — Social Ability. 

High 

Intelligence. 

Ciencal work of superior 
i^pe (e g., bank-clerk, 
if combined with 
arithmetical abibty ; 
shorthand and typing 
or secretarial work, 
if combined with liter- 
ary and spelling 
ability). 

Skilled trades (engi- 
neering, instrumen t- 
making, cabinet- 

making for boys : 
dressmaking, millin- 
ery for girls). 

Show-room assistant 
or shop - assistant 
in good West-end 
firms, waiter or 
waitress in better- 
class establish- 
ments, domestic 

service in house- 
holds of the best 
type. 

Moderate 

Intelligence. 

Routine typing ; check- 
ing in warehouse or 
stockroom. 

Unskilled manual work, 
(factory work, pack- 
ing). 

Shop assistant (in 
smaller shops), 

house boy, page 
boy, nursemaid, 

doniestic service 
generally 


Special Cases. 

When occupations had been suggested for the children who 
could be placed in the groups just described, there still remained 
a few who, for one reason or another, could not be placed in any 
of these. groups, children in 'whose case the accessory factors 
enumerated above were more important than the primary con- 
siderations of linguistic and non-Unguistic intelligence and social 
ability. 

Such cases are more frequent than might at first be thought. 
Of our own cases as many as 24 per cent, required special con- 
sideration-on these grounds ; nor is our experience exceptional. 
A recent committee of inquiry reports that its members were 
seriously concerned to find that, of those on the Exchange 
registers at the dates of the inquiry, no less than approximately 
30 per cent, were classed as presenting special difficulty in placing 
because they were below normal, physically or mentally, or were 
of inferior type and neglected appearance: .... this,'" it is 
added, ‘4s a matter which requires special attention.*'^ Even if 
vocational guidance by means of psychological methods should 
prove impracticable as a general scheme for all children leaving 
the public elementary schools, we believe that much might be 
done by referring such special or exceptional cases to a psychologist 
or psychological institute for study and advice. 

^ The London Advisory Council for Juvenile Employment: First 
Annual Report, 1925, p. 19. 
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These special cases (so far as we encountered them) may be 
divided into four types. The outstanding characteristics of each 
were as follows : — 

(1) Marked special ability, or peculiar talent. 

(2) High all round ability, with social handicaps at home. 

(3) Low general ability, not amounting to mental deficiency, 

but often aggravated by poor physique, and uncom- 
pensated by any special aptitude or qualification. 

(4) Special temperamental difficulties. 

1. Children showing special ability were not particularly 
difficult to advise. But it was often difficult to discover situations 
that would use the ability in question. 

One girl had a mental ratio of 117 in the Binet tests and 95 in 
the performance tests. She did well in the scholastic tests, and 
might at first sight have seemed suited to clerical work ; but 
further testing showed that she was exceptionally good at dress- 
making and designing, and possessed considerable originality 
and real keenness for the trade. She was advised to try for a 
place with a progressive firm of dressmakers where she would get 
a chance of learning the higher branches of tlue work and 
obtaining speedy promotion. 

Anothet girl had a mental ratio of 110 in the Binet tests and 
97 in the performance tests. She was not particularly good on 
the scholastic side; but had an exceptionally good immediate 
memory. She had a sharp ear, and quick and dexterous finger- 
movements. Accordingly, she was advised to become a telephone 
operator. 

2. Those who possess a high degree' of aU round abihty often 
succeed without any outside assistance ; and it might perhaps be 
thought that they would do well whatever they take up. In actual 
practice, however, their high intelligence often remains urmoticed ; 
and they drift into occupations that afiord no scope for advance- 
ment. In many such cases several alternative suggestions were 
rnade : the poverty of the home, however, often rendered it 
difficult to carry them out. 

3. Those who showed no ability in any direction were perhaps 
the most unsatisfactory group of all. Either the tests had been 
at fault in not discovering any special tendencies, or the child 
had such an indefinite character and so little intelligence that no 
very specific recommendatidn could be made. 

The most that, could be done was to name some easy mechanical 
employment, where the child would, not disappoint those vdio 
engaged him, and would, not sniffer the strain or worry of a 
responsible post to which he was in no way equal. Too often, 
however, physical infirmity made it difficult to recommend him 
for the coarse or heavy labour for which otherwise he would seem 
best suited. 
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4. Cases of special temperamental difficulty, often showing 
delinquent or neurotic tendencies, required the most carefid 
consideration. To give a really successful recommendation 
further investigation would probably have been necessary ; but an 
attempt had to be made with the material at hand. In most 
cases we had to rest content with some negative conclusion — 
for example, that the child should not remain at home or should 
not take up routine work, or should not undetlake work where 
too great demands might be made upon his weak nervous or 
moral condition. 

Several weeks after all the children had been discussed and 
recommendations decided upon, the whole list was looked through 
again to make sure that no undue bias had been given to any 
one factor. Very few changes were suggested. The following 
table shows the actual recommendations made. 


Table XXXV. — Analysis of Occupations Reoommmdeil}- 


Type of 
Occupation. 


Girls. 

Occupation. 

No 

Total. 

Occupation. 

No. 

Total. 

Highly Skilled .. 

Business training . . 

2 


Business training . . 

1 



Draughtsmen 

2 


Secretarial work . . 

1 





4 

Dress designing . . 

1 


Skilled . 

Office work (clerical) 

3 


Office work (clerical) 

7 



Office work (bookkeeping) 

3 


Shop assistant (superior) . 

2 



Engineering 

2 


Dressmaking (superior) 

1 



Motor trades 

2 


Millinery . . 

1 



Cabinet making . . 

2 


Hamdressing 

\ 



Motor body Duilding 



Manicurist 

r 



Piano making 

1 


T'^lephonist 

1 



Telegraphist 

1 


Photography 

1 





15 



15 

Semi-skilled 

Shop assistants . . 

3 


Needlework trades 

8 



Motor repairing 

3 


Shop assistants . . 

4 



Carpcntiy or woodwork . . 

3 


Office girls 

2 



Office boys 

2 


Nursemaids 

2 



1 Waiters 

2 


Domestic service (superior) 

1 



1 Omnibus c<nnpany 

2 


Waitress 

1 



Navy or R.A.F. 

2 


Upholstery 

1 



Zoological Cardens 

1 




18 



— 

18 




TJijskilled 

Factory 

3 


Factory 

5 



Van boy 

3 


Domestic service 

3 



Packing 

2 


Laundry . . 

1 



Page boy 

2 


Packintj 

1 



Call boy 

i 


Farm oi dan y work 

1 



House boy . . 

‘ 1 




U 


Porter 

1 






Army 

1 






Colonies 

1 







— 

15 





Finally, a letter was sent to each of the parents stating the 
occupation primarily recommended, with, in most cases, one or two 
alternative suggestions. The chief reasons for each recommenda- 
tion were given in brief and simple terms; and the letter was 
intended to be used as a reference if so desired. Below is a 
specimen copy of a letter. (The portion here printed, in roman 
type was printed on the form, and the part here printed in italics 
was filled in for each child). Several replies to these letters were 
received, either asking for employment, or saying that the work 
recommended had been found and thanking us for the advice. 

^ In this table the side-headings have been entered merely to make our 
grading of the occupations recommended comparable with the gradings 
used elsewhere on pp. 4 to 7 and on p, 92). The general meaning we 
have given to each term is siifhciently indicated on p. 16. With children, 
however, such a classification must not be too strictly pressed. Here, for 
example,, a " highly skilled ’ occupation merely indicates an opening that 
should lead to highly skilled work in the future. 
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From 

The Industrial Fatigue The National Institute of 

Research Board. Industrial Psychology. 

Dear Mrs. [Brown), 

1 tliink you already know that a set of special tests have been 

given to the children leaving M St, school, with the object 

of finding out the work for which they are best suited. 

The results of these tests suggest that your son James would be 
likely to do well at Electrical Engineering or Motor Engineering, 

He has good average intelligence and all round ability; but is, on the 
whole, best at mechanical things. He is careful and dehberate. 

His writing, spelling and arithmetic are not up to iht standard 
required for office work. He will do much better on the practical side 
where he has plenty of ability and should make good progress. 

I shall be vei*y much interested to hear later on how James is 
getting on. 

If this letter is of any use to you as a recommendation, please use 
it as such. 

Yovlts faithfully, 

L. C. RAMSEY. 

In 47 cases out of the 100 a different employment was recom- 
mended from that originally suggested by the parents or (in a 
few cases) by the teachers ; in 35 cases the employment recom- 
mended was the same ; in 15 cases the parents had had no 
suggestion to offer ; in 3 cases the parents' wishes were unknown. 

It will be seen that, in a large proportion of the cases, the 
recommendations made by the investigators appeared to coincide 
with the suggestions of the parent or the teacher. It may be 
asked, therefore, what special advantage is reaped by a prolonged 
psychological study of each individual child. 

A review of our detailed results shows that, even where our 
views were in agreement with those of parent or teacher, the 
parent and often the teacher in the opinions they expressed were 
apt to be^ more general and vague ; the tests and the intensive 
exainination, on the other hand, lead to suggestions that are quite 
specific. A teacher, for example, will recommend the child for 
manual work ' or for ‘ clerical work,' without further particulariza- 
tion ; while our own investigation would commonly show that 
it was only for certain special types of such work that the child 
was ^ really suited. The teachers' recommendations seemed 
toplicitly to assume some form of faculty psychology, and to 
ignore both the very limited character of specific abilities, and the 
supreme importance and the wide range of general intelligence. 
Further, we were able to give in order of preference two or three 
distinct recommendations ; so that, if one type of occupation 
proved inaccessible owing to the temporary conditions of the 
trade, a different one might conceivably be taken up. 

Where our opinion differed from that of the teacher or parent, 
it was a great advantage to be able to produce the child's test 
records and specimens of his actual work. The teacher was 
usually open to persuasion by a mere statement of results ; but 
the parent was often more obdurate— sometimes hoping against 



alj rea?^on that his child would succeed hi some high-class, well- 
paid branch of emplnjauent. Nothing but a display of the 
child’s extual pei fonnances, side by side with standard results, 
wunid con’vdnce such a parent that his child was (to quote actual 
cases) a hopeless inisspell^r, or had no skill of any commeicial 
value in sewirjg, drawing, or calculation. Provided our unfavour- 
able conchision did not seem to him to be mere opinion, and 
that we liad in addition a positive suggestion of our own. the 
parent alw^ays proved grateful for our contribution to the problem. 
Thus, in^iearly every case of divergence, we were ultimately able 
to carry convicticn with both parents and teachers, who might 
otherwise, for quite irrelevant reasons, have urged the child lo- 
go into some employment, which seemed superficially attractive 
but for vrhich the child was really unfit. 

In all these discussior;s and recommendations we found 
ouiselves labouring under one great disadvantage. Hardly any 
accurate information exists as to the real needs of the occupations 
open to young" people. We could produce a detailed psychological 
doscri jition of each child ; but we had no such psychological descrip- 
tion ol his prospective employment co compare with it. Some ot 
us, indeed, had enjoyed a first-haiid experience of the conditions 
in large firms and business-houses employing boys and girls fresh 
from the, s(.hoQ]roorn ; but it is obvious that no one group of 
advisers could possibly have a close acquaintance with trades 
and businesses of every type. What personal knowledge we 
ourselves possessed could, indeed, always be supplemented by the 
infonnation reodity obtainable from officials of the care corrji- 
mittee or of the employment exchange ; and for occupations 
of a less familial* type we could refer to the numerous handbooks 
and reptorls issued by the Board of Trade, by the Ministry of 
Labour, or by private publishers. , Nevertheless, time after 
time, when we were discussing the placement of a particular 
child, we found that the* point most commonly in dispute was 
not so much the needs of the child himself as the needs of the 
employment to which it was proposed to send him. What is 
known as job-analysis, therefore, is one of the most urgent lines 
of research to be undertaken before vocational guidance can be 
placed upon a sound footing. 

Already w*e have noticed what great help is afforded at the 
putset by a rough grouping of the commoner occupations according 
to the level of intelligence required — ^by some classification ol 
trades or trade-processes like that given above in Table IV. 
Further, for particular callings, such as those of the dressmaker 
or clerk, it proved invaluable to have before us, precisely and in 
tenns of our own standardized tests, what would be the probable 
wante of a good West-end firm or of an ordinary office in the 
City. A complete specification along these lines is needed for the 
several forms of employment most frequently taken up by boys 
and girls. A general description of eadi trade, such as those given 
in the popular handbooks, is not sufficient. Within a given trade 
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there are countless different operations that call for very different 
psychological capacities. A teacher, for example, would often tell 
us that a particular girl would make an excellent saleswoman ; 
but ad\dce of this sort is far too vague for a satisfactory placing : 
witliin one and the same general stores the assistants who sell 
remnants across the bargain-counter need a temperament and 
personality ahnost the opposite of the assistants who sell . als 
in the showroom to customers more leisurely and wealthy. As a 
starting point, a classified list of openings, with a simple objective 
description of the processes to be carried out by the employee, 
and a note of wages, prospects, length of training, arfd general 
conditions of work, would be extremely helpful. But what 
is wanted most of all is an analysis of the necessary qualifications 
in exact psychological language, in terms of mental aptitudes 
that can be precisely defined and, if possible, exactly measured. 

The general psychographic scheme which we found workable 
in our experiments on vocational guidance would doubtless form 
a useful framework for the analysis of particular jobs : it provides 
at any rate, a summary or outline of the more outstanding 
qualities whose variations make up a given personality, and seems 
at once systematic, comprehensive, elastic, and precisely definable. 
Time alone would, of course, prevent testing every child for each 
conceivable quality. But it would doubtless be possible to discover 
a few key-qualities (as they might be termed) — comprehensive 
capacities like intelligence — ^whose determination would at once 
limit the range of occupational choice. Tests for these could be 
given to all as a preliminary : after which the procedure would 
r(*semblc that for selection rather than for guidance.; and a 
special examination for the more limited capacities needed in 
particular trades could be carried out at a supplementary sitting, 
once a broad and tentative classification of the children had first 
been made. The initial classification might- thus be based on 
group-tests which every child could take (supplemented, of 
course, by reports from doctor, teacher, and home-visitor) ; 
the second examination would then consist in an individual 
interview, into which special tests would be introduced differing 
for different children. 

It would also, we believe, be particularly helpful if the 
vocational adviser could know what are the commoner 
sources of dissatisfaction experienced by employers — ^what, for 
instance, are the trades or trade-branches which show the largest 
labour turnover among juvenile workers, and how far the 
changes of employment are due to unfitness. According to the 
Annual Report of the London Advisory Council for Juvenile 
Employment f between 30 and 40 per cent, of the children leaving 
the jobs found for them, do so on account of inefficiency, bad 
conduct, or their own dissatisfaction. Whether the child in • 
casual conversation at the exchange is likely to give the real 


^ Report for 1925, p. 19. 
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reason may perhaps be doubted ; but an extensive study might 
be successfully undertaken in a group of cases where vocational 
maladjustment is indicated or suspected. 

These, then, were the principles on which our recommendations 
were based, and these were the chief difficulties which we 
encountered. 

X. Besolts of Beoommendations. 

By Lettice Ramsey. 

In tl^e long run, the value of any scheme of vocational guidance 
can be determined only by following up the after-careers of the 
children examined. Is there any e\ddence that the boys and 
girls who were tested psychologically, and whose choice of 
emplojnnent was guided by the test^, are- themselves better 
satisfied with the occupations they have entered than those who 
found employment in the ordinary way ? Do they, after actual 
trial, find the work congenial — ^better suited to their aptitudes 
and more accordant with tlieir interests ? Are they more 
efficient at it ? Do they give greater satisfaction to their 
employers ? Have they in. front of them a better prospect than 
they ’would have had wthout the special aid and advice ? These, 
after all, are the crucial issues. 

It mil be readily understood that the number in our group 
was too small to yield conclusi^^e answers to such questions. 
Indeed, it was our modest aim to demonstrate first of all the 
feasibDitj?’ rather than the ultimate value of our methods^ 
However, it may prove instructive to see what results have been 
achieved, even upon a scale so slender. 

With this object in view, the homes were all revisited in 
November, 1925 — two years after the date of our original recom- 
mendations. The ages of the children now lay between sixteen 
and sixteen and a half. Sufficient time had passed for almost 
ah to find situations, and to learn whether they liked such work 
as they had secured. 

So far as possible, the foUowdng points were ascertained for 
each child : (i) present employment ; (ii) previous employment 
or emplojunents, if any ; (hi) wages ; (iv) prospects ; (v) satis- 
faction or dissatisfaction with present and past employments ; 
(vi) reasons for changes. 

In most cases the information was supplied by the parents. 
In half a dozen instances, where the parents themselves were 
absent or inaccessible, the facts had to be collected from older 
brothers and sisters, or from remoter relatives and friends* No 

^ For this reasor,, as more detailed tests and inquiries suggested 
themselves, we allov/ed our initial investigation to continue after the date 
of the school conference ; and transmitted our final recommendation, 
not to the conference, but to the parent. This doubtless has affected the 
results ip be discussed in this section. In any future work it would be 
desirable, if it were only practicable, to commence the testing at a much 
earlier stage, so that (as we ourselves had -onginally arranged) the school 
conference might also have the benefit of suggestions resulting. 

(17665) B 
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systematic attempt was made to seek information from the 
employers. It appeared extremely difficult to get access to any 
persons in the firms who might know the individual children 
long enough or well enough tp state whether each was really 
giving satisfaction. Data were gathered in regard to any increase 
of wages or promotion, and (where the child had left) as to 
grounds for dismissal. For the rest, the finns and factories 
where the children were employed were too vudely scattered to 
make it ' worth while to pay special visits to each place of business 
with a hope of eliciting trustworthy statements. 

Every effort was made to eliminate the possibility of undue 
bias. Throughout, it will be seen that the classification adopted 
was based entirely on the replies of the .infoinmnts, not on the 
views of the visitor. At first, it is true, the parents were indined 
to give some vague and optimistic answer, such as “ he’s getting 
on quite nicely.” But this affected each group alike. And, 
after a little tactful questioning, every one of them seemed ready 
to speak quite frankly, and to report progress or disappointment 
with an equal sincerity. -Accustomed as they were to inquiries 
of this sort, none realized at first that the visitor now paying the 
call was identical with the investigator who had sent the special 
letter of recommendation ; more often than not, they had in the 
interval whoEy forgotten that any specific investigation-had been 
made other than the usual inquiries preceding the ordinary school 
conference. Hence there seems no likelihood that their ^swers 
were influenced by any recoUectionof the advice they had received.^ 

Employments Obtained. 

Out of the one hundred children who formed the material 
for our investigation, all except six were successfully traced ; 
and all but two of the number were found to be in work ; 25 were 
engaged in unskilled work, being mainly factory workers or van 
boys (in the case of the youths), and domestic servants or factory' 
workers (in ‘the case of the girls) ; 35 were in semi-skilled work, 
for the most part as needleworkers or assistants in local shops ; 
26 were engaged in skilled work such as millinery, dressmaking, 
piano-making, making parts of motor bodies or motorcycles, or 
clerical work of various kinds i 6 fell into the category designated 
above^ highly skilled, being eit her engaged upon derical work of 

^ Owing to the time that had elapsed, and the niunber of cases passing 
through her hands, the investigator hersdf retained little recollection of 
the occupations originally advised for each child. In order to exclude the 
possibility of unconscious suggestion, it seemed advisable to abstain from 
noting whether a child’s- actual |dacing corresponded with the original 
advice, until the information about his efficiency and satisfaction had been 
duly secured ; similarly, the classification of jobs obtained into ' recom- 
mended ’ and ' similar to recommendation ’ (Table XXXVI.) -was 
by occupations only, before any note of ' satisfied ''or * dissatisfie d • 
.entered against any particular duld’s name, and was revised by a second 
mvestigator who knew nothing of the tiassification according to ‘ satis- 
faction. 

* For the definition of this and the preceding categories, and for 
mrtner details as to the employments classified under each, see nages 
S ei seq.. and Tables I to IV. ^ ® 
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a superior kind, or else being apprenticed or ttained for work of a 
highly skilled nature. 

On the whole, the general nature and distribution of the 
occupations actually obtained is not very dissimilar from those 
of the occupations advised.^ It is true that among the former 
the amount of skilled ‘unploj^ment is somewhai less than 
among the latter. But many who started in unskilled work 
have already risen to skilled work, and more doubtless do 
so later on. On the other hand, the prospects lor the numerous 
messengcir-boys and errand-boys (one or two of them higiily intelii- 
gent) do not seem hopeful. Generally speaking, hov/cver, the 
number at blind-alley occupations is small ; and, even wiih 
children of higher ability or special talent, the problem of adjusting 
demand and supply has proved far less difficidt than ourseh'cs 
had anticipated. 

As many as 30 per cent, had been successful in iinding ejnploy- 
ment of the type primarily recommended by us on the basis of 
our tests and other inquiries ; 22 per cent, had found work which 
was either similar to the type recommended as a second alternative, 
or allied in its general psychological nature to one or other of the 
occupations that had been advised. Rather less than half — 
40 per cent, in all — ^were in occupations neither recommended to 
them nor even similar to those so recommended ; large as it is, 
this proportion is much smaller than w^e had expected. 

Wages Obtained. 

The average weekly w^age of tho.se in occupations recommended 
to them, or similar to those recommend'‘d, was 16^. dd.. that of 
those in occupations dissimilar to what nad been recommended 
was 15s. Si?. Thus, the former were on the average earning 
Is. Id. per week more than the latter. 

At first sight it might be thought that those who had been 
unsuccessful in finding work of the kind advised had been forced 
to content themselves wiih work of an infeiior order. This 
was sometimes true, but was not the real explanation of their lower 
wage. Those who had taken up inferior work h^d been in a few 
instances tempted by better pay ; one or two of the messenger 
.boys, for example, were receiving so much as 24s. a week — five or 
six shillings more than the average wage of the boys.^ It seems 

^ The percentages in the several grades correspond tolerably well with 
those of Table XXXV, and, natnr^ly enough, with those of Tables I 
and II. But to this correspondence too much importance should not 
be attached, it is more gratifying to note that the quality of the work 
obtained (clerical, mechanical/ social, etc.) is much the same in the two 
lists.. With groups so small, however, it scarcely seems worth while to 
print any detailed analysis at this stage. 

® The average weekly wage of the boys was 175. Qd. ; that of the 
girls, 145. 8d. The maximum wage was 305., and the minimum wage 95., 
both being earned by girls, the former in a recommended and the latter 
in a ** non-recommended ’'job. It is suggestive to note that if the children 
at work are divided into two groups accordmg to intelligence, then the 
average wage of the more intelligent proves to be 18s, 9d., and of the 
less intelligent 135. Id. But the factors determining wages are so numerous 
that statistics derived from a group so small can have but little significance. 

for thev mav be worth. 
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clear from a study of the individual cases that the best wage- 
earncrs are usually those who have been most rapidly promoted, 
and have obtained the quickest and the largest rise in pay , and, 
so far as our meagre data go, we are left with a strong impression 
that the child’s success in his trade or shop was largely attributable 
to the fact that it had been selected for him so carefully. 

Change of Employment. 

Of the whole group only 35 per cent, had remained in one 
and the same place since leaving school. Of those v\4io .had 
been forced to disregard our advice as many as 61 per cent, 
had had two or more places ; and. as many as 12 -5 per cei>t. 
had had four or even five places. Of those who had found work 
similar to that ad\dsed, 43 per cent, had had two or more places ; 
only a single child had had four places ; none had had’ five. 

The difference in the proportions obtaining two jobs or more 
is, perhaps, too small to possess much signiBcance. But the 
reason for the change was nearly always instructive. Of those 
who, at the time of the last hom<5 visit, were doing work similar 
to that recommended, but had nevertheless had two or more 
places, almost exactly, half had changed because they did- not 
like the work which they had first takeir up, and had eyeiituaJly 
taken the work ad’vised in preference. The other half had_ 
changed because they had found more remunerative openings of 
the same sort. 

Of the other group — ^Ihose domg dissimilar work — six had 
already been dismissed because they were not efficient at tlieir 
work’ ; most said they had been " tunwd off because they were no 
longer wanted ” ; and a few had found it necessary to leave 
because the firm moved too far away from home. 

General Satisfaction with Employment. 

After all, however, in so short an interval the best criterion 
■will be the satisfaction or dissatisfaction of the child himself or 
his parents. On this. point the replies of our informants proved 
to be dassifi.able under three main heads. In fifteen cases it 
was said that the child disliked his work ; in fifty-four cases it 
was said that the child was satisfied alike with Ms work, with 
his pay, and •with his prospects ; in tMrteen cases it .was said 
that tile child certainly liked tiie work, but he or his pafents 
were not contented either with the pay or with the prospects. 
There -were ten cases in which replies were unobtainable or seemed 
ambiguous or untrustworthy ; and eight in wliich the child was 
out of work or remained untraccd. The distribution of these 
various cases, grouj.icd according to their success in finding 
employment of the type advisr^d, is shown in Table XXXVI. 

I Of those who had found occupations of the kind advised none had 
been dismissed for .inolficiency. The sole disSaissal among this series was 
that of a small and lively Iwy recommended to become a page; he had 
been discharged “ lor sliding down the banisters " — a prank -which we 
do not regard as a symptom of inefnciency, since we were definitely 
assured by another visitor that the boy not only liked liis work, bat had 
also l)een “ ouite cood at it •’ 
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Table XXXVI . — Classification of Children according to 
Employment obtained. 



A. 

In Employment 
recommended. 

B. 

In Employment 
similar to tliat 
recommended. 

C. 

In Employment 
dissimilar to that 
recommended. 

Total. 

Percentage [A 
and B together, 
excludmg (4)J, 

X' ' — 

C C CD 

O F-! 

1 . Satisfied ..with 
work, pay 

and pros- 

pects 

22 

19 

13 

1 

54 

SS-6 

39-4 

2. Satisfied with 
work, but not 
with pay or 
prospects . . 

7 

0 

6 

13 

14'3 

: 18-2 

3. Dissatisfied with 
work 

0 

1 

14 

15 

2*1 

42-4 

4 Insufficient In- 
formation . . 

1 

2 

7 

10 

__ 

1 

Total 

30 

j 

22 

1 i 

40 

92 

100-0 

i 

! 100-0 

1 


Of the thirty children in work of the kind we had recommended, 
it will be seen that not one dislikes the work, and that all find it 
congenial; seven, however, are discontented either with the 
wages they are receiving or with the prospects afforded. Of 
those who found employment not exactly the same, but similar 
in general nature to the work we had advised, all but one like the 
work, and are also satisfied both with the prospects and with the 
pay. The single child who dislikes his work dislikes it simply 
because he has not got work of the exact natlire recommended. 
His case is rather instructive. At school he was considered a 
dull boy ; but in the tests he showed good practical and manual 
ability, with a special aptitude for colour work : (mental ratio — 
Binet tests, 66; performan.ee tests, 99). Accordingly, he was 
advised to enter some firm of motor-builders as a painter of motor 
bodies. He himself had formerly thought of going into a piano 
factory with a friend ; his parents, however, found him a job 
first at a bookstall (which he disliked), and then irvthe bell-making 
department of one of the largest West-end firms of furniture 
manufacturers. This sort of work,'* said his sister, who was 
unaware of the advice we had previously given, “ he does not like 
at all ; he can't give his mind to it. He is quite set on painting 
motor bodies." As his father is now in the motor trade, there 
seems a likelihood that in the near future he will find what he 
so much desires. 

It is interesting to note that, in fifteen of the cases where our 
advice was successfully followed, the advice that we actually 
^ave was opposed to the suggestions originally contemplated by 
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the parents. In each of these cases the parents now state that 
both they and the children are wholly satisfied that the work 
recommended was, after all, the work finally chosen. The 
following is a typical case : — 

F.G. was a btjy with a mental ratio of 90, as measured by the 
Biiiet-Simon Tests, but one of 110 with the non-verbal tests of 
intelligence. He had no high constructive ability ; but in the 
tests of mechanical ability proved particularly good in_ judging 
spatial relations and forms. In temperament he was lively and 
energetic, of a t37pe likely to take well to outdoor life. He was 
advised to begin by being a van-boy on the railway, witli a view 
to obtaining a place later on as a packer in a goo^’ yard. His 
parents, however, found for him a situation which they at first 
conceived would be better and more reraimerative ; and he went 
for a few months into a firm of electrical manufacturers. , He 
quickly found that the w’ork did not suit him ; and, as soon as 
an opportunity arose, he voluntarily obtained for himself a place 
as a van-boy on the railway. Here he is now doing very well ; 
states that he likes his work immensely ; and hopes to be 
transferred very shortly to the goods’ yard. 

Of those who are in occupations whoUy dissimilar to what 
was advised, only thirteen are satisfied with the work, the pros- 
pects, and the pay ; fourteen dislike the work ; six say they 
like the work well enough, but are dissatisfied either with the 
pay or with the prospects. Of those who are wholly satisfied; 
it is noteworthy that the reason chiefly given is that they have 
exceptionally good employers : and, therefore, arc influenced 
not so much by the nature of the work as by the kindliness of 
the persons under whom they are working. Two were tmable 
to t.ike up the work advised on account of ill-health, which has 
overtaken them since the time when the advice was given. Two 
arc higldy intelligent girls of placid and imambitious iempera- 
ments, content with easy and mechairical jobs. The six remaining 
were cliildren of average general intelligence with no marked 
talents, special abilities, or outstanding temperamental quab’ties. 

The foUowing cases are typical of this group : — ^H.J. is a boy 
of average intelligence and average linguistic ability, but much 
above the average in the performance tests (mental ratio with 
these tests, 125). In addition he showed superior mechanical 
abilit 3 f, and had always been interested in handwork. He was 
advised to apprentice himself at an engineering works. Actually, 
however, he has obtained a place as an office clerk. His intelli- 
gence is good enough fur him to give satisfaction ; and the pay 
is excellent. Nevertheless, he states that he would much prefer 
to take up the work advised, but has hitherto failed to find an 
opening. 

K.L. is a girl distinctly above average in general intelligence 
rvith the Binet Tests (mental ratio, 120), but of only average 
ability with the performance tests (mental ratio, 100). In tests 
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of manual and mechanical dexterity she is, if an3dhing, below 
the average. She was advised to take up clerical work ; but is 
unable to afford the training, and has hitherto found no situation 
where she might learn it. She lias only managed 1o obtain work 
as a packer in a factory ; and states that she is dissatisfied both 
with the work and with her outlook. 

Summary of Results, 

The final outcome of our efforts may, therefore, be summarized 
as follows. Of those who obtained the work advised, all (wdth 
one doubtful exception) are satisfied, at any rate with the woik 
itself. Of those who obtained work dissimilar to what was 
advised, more than one half are dissatisfied either with the work 
that they are doing or with the prospects open to them. We must, 
however, again insist that with a group so small nothing but 
primd facie results can be expected, and that nothing but a rough 
preliminary review seemed possible or justifiable at this stage. 

From a closer study of the work actually taken up by the 
children, it is clear that the w^eak part of the scheme lay in an 
insufficient knowledge of the various kinds of accessible employ-' 
ment which w^ould satisfy the special aptitudes found. This 
was particularly noticeable in the second group — ^tlie group who 
had not taken up the precise occupation advised but some other 
occupation similar in its psychological nature. Here it w^ouid 
seem that in many mstances the actual opening found by the 
child, though not wholly dissimilar to that advocated on the 
basis of our examination, was (as judged by subsequent experience) 
even more suited to the child's abilities than the particular 
work which had been primarily recommended. In other words, 
the results of the tests and of the interviews were often more 
trustworthy than the advice that was based on them ; so far 
as can be gathered, the former were never seriously mistaken, 
though the practic^ suggestions deduced from them might in 
several cases have been improved, had more infonnation been 
available ui regard to actual openings and their exact psychological 
requirements. 

Whether each child has been guided into the right career 
cannot, of course, be finally determined . by only a couple of 
years' experience. It is conceivable that new^ talents or new 
qualities may emerge later on, and the old one be gradually 
eclipsed ; on the other hand, it is possible that the child's chief 
characteristics — the general level of his intelligence and the 
main trend of his more stable interests — were already fixed at 
the time of our inquiry. Which view is nearer to the truth can 
only be decided by returning once more, after a longer period 
has elapsed, and reviewing 3’^et again the progress or failure of 
each child.^ 

It is hoped, therefore, to maintain contact with as many cases 
as possible, and analyse the after-histories when the children 
have settled down into more or less permanent occupations. 
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XI. — General Conclusions. 

By Cyril Burt. 

The investigation described in the foregoing pages is to be 
regarded as no more than a first experiment. With a small 
group of a hundred children, followed up for a period of but two 
short years, nothing but tentative results can be expected, and 
nothing but provisional deductions can be drawn. With this 
reservation, the main conclusions emerging from the whole 
research may be summarized as follows : — , 

1. The general outcome of the inquiry speaks strongly m 
favour of the methods used. The scheme has proved workable ; 
the results, unexpectedly successful. Judged by the after- 
histories of the several children, those who entered occupations 
of the kind recommended have proved both ef&dent and 
contented in their work. As compared with their fellows, 
they are, on an average, in receipt of higher pay ; they have 
generally obtained promotion earlier; they have experienced 
fewer changes of situation ; and have incurred hardly a 
single dismissal between them. Over 80 per cent, declare them- 
selves satisfied alike with the work they have taken and with 
their prospects and their pay. On the other hand, of those who 
obtained employment different from the kind advised, less than 
40 per cent, are satisfied Among the latter group nearly half 
dislike their work ; and among the former only one dislikes it, 
and that simply because it is not quite identical with what was 
originally advised. As has been pointed out above, no great 
weight can be attached to these figures ; yet, so far as they go, 
they are certainly encouraging. 

2. Perhaps the best established conclusion in the whole inquiry 
is the number and complexity of the factors involved in any attempt 
at vocational guidance. Not one, but a dozen or more considerations 
must be duly studied and weighed, before any accurate decision 
can be reached upon what particular career a child can best be 
advised to take up. It is clear that, to be genuinely worth while, 
such a decMon must not be based upon a short ten minutes’ consul- 
tation ; it must be founded upon an intensive inquiry, wherever 
such inquiry is possible, into all the conditions of the case. 

3. What may be the relative significance of each of the 
different factors concerned, the present investigation has already 
in part revealed. Native intelligence, at any rate with children 
of this age, appears to be of supreme importance in the choice 
of a career. Shrewd as teachers and other officials are in their 
judgments of individual children, they still sometimes fail to 
recognize the wide range of indi\'idual variation — ^the insuperable 
limitations imposed by inborn dullness, and the wide possibilities 
that are open to inborn talent and ability. Fortunately, native 
intelligence is the easiest quality to test. 

4. Nevertheless, intelligence is. but one of innumerable 
factors ; and nothing but a continued study of a larger nupaber of 
3 mung people — a study carried out on an even more comprehensive 
scale and followed up for a number of 
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weight to each of the particular conditions noted and to each of 
the methods pursued. Thus, by far the most important recom- 
mendation that we have to make as a result of our provisional 
survey is the imperative need for further research. In particular, 
we would suggest (tc) extending the inquiry to rural areas as well 
as urban, and into central and secondary schools as well as 
elementary ; and {b) keeping, f«'r a clearer demonstration of the 
value of a more scientific approach, a lecord of results at present 
obtained by existing methods among carefully selected control- 
groups.^ * A helpful addition would be to distinguish in each case 
between what might be called the ‘ ultimate ’ and the * immediate ' 
recommendations, ix., the kind of opfniing the child is adtnsed to 
seek to begin with, and the kind of W(;rk the child is advised to 
aim at later on : obviously the latter leconimendalion would be 
no more than tentative, and might be subject to revision from 
time to time. 

5. That investigations of this sort are feasible has been amply 
proved by the present inquiry ; and what general plan and what 
particular lines such a research may most profitably follow, have 
been clearly dexrionstrated by our experiments. The schedule, 
drawn up for the present investigation, has shown itself to be quite 
seiviceable in practice, and to covei, in its main outlines, the 
major portion of the field. There ate, however, several minor 
modifications and extensions which the progress of our pre- 
liminary experiments has shown to be needful. 

6. Any fmiher research on vocational guidance must be 
based upon thorough-going investigations by means of so-called 
job-analysis. To study from a psychological standpoint the 
differences between individual children will be worthless without 
making a similar study of the peculiar requirements of diffe ent 
trades and occupations. Such investigations could be usefully 
supplemented by an inquiry into the actual causes of vocational 
maladjustment. xApproaching the child not before but after 
he has been placed, the psychologist might w^ell attempt to 
ascertain, both by examining the child himself and by tactful 
inquiries at his home and place of employment, what are the 
commoner conditions which make the child discontented with 
his job and the employer dissatisfied with the child. 

7. Among the more specific conclusions that .emerge are those 
relating to the value and the limitations of psychological tests 
for vocational guidance. 

{a) The value of such tests is fully confirmed. Wherever it 
has been possible to test the tests themselves, the outcome has 
been entirely favourable. The correlation, for example, between 
the teachers* estimates of intelligence and the ‘ estimates 
supplied by the, tests is never below *5, and often rises to *9 
or over. More often than not, where we have followed up an 


^ Such researches have since been commenced in London by the 
National Institute of Industrial Psychology with the assistance of a gmnt 
from the Carnegie Trustees, and in Cambridge by the Industrial Fatigue 
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apparent discrepancy between the teachers' estimates and the 
resnlts of the tests, the latter have proved themselves to be the 
more trnstworthy,^ A teacher, for example, has marked certain 
children merely ' average ' simply because he had had no 
oppoilunity to notice the latent capacity of the child : the 
child perhaps was quiet and unobtrusive, or showed his 
intelligence chiefly in some non-scholastic line ; and, as a con- 
sequence, his high abilities had naturally been overlooked in 
schooL The tests, however, revealed them at once. 

For vocational guidance the special value of such^tests is 
twofold. First of all, however great may be the intrinsic 
value of a ‘teacher's observations, theie is no other means of 
equating the standards of one teacher with another, or of one 
school with a second : tests thus provide a uniform scale of 
measurement, capable of almost universal application. Secondly, 
tests are time-savers : where* a teacher's report cannot be 
obtained, or where the child is a newcomer at the school and 
has not been under observation long enough, there a brief test 
lasting for only half an hour is sufficient to give a f aiiiy accurate 
estimate of his general ability. 

The same remarks will apply, not only to tests of intelli- 
gence whose value is now well recognized, but also to tests of 
school attainments and specific aptitudes. 

(6) At the same time, it is clear that tests can cover no more 
than a limited part of the field. One point we wish particularly 
to stress. However perfect, however carefully standardised, tests 
by themselves mean nothing. To apply a scale of intelligence- 
tests, and to read off the result in a single formula — a mental, 
age or mental ratio— is but the beginning, never the end, of a 
vocational examination. There is no foot-rule for vocational 
, guidance that can be put into the hands of teachers or welfare- 
workers, and used with the ease of a thermometer or a pair of 
scales. With almost every test and with almost every child, 
the real value of such methods lies, as our experiments have 
shown again and again, in the interpretation of the test-results. 
Wherever it is possible, too-, such tests should be corroborated 
by personal observations , many factors of the utmost 
importance in choosmg a vocation are, in the present state of 
knowledge, not amenable to direct measurement by any of the 
tests hitherto detdsed. 

8. Of these additional factors, the most important appear to 
be qualities of temperament and character. Such qualities are 
even more essential for industrial life than they are for progress in 
school work. It is, therefore, eminently desirable that suitable 


^ This applies chiefly to the tests of intelligence — ^tests which are 
admittedly the most ef&cient, and often seem to distinguish between 
inborn ability and the results of education where a teacher would 
^turaliy note only tlie joint product of the two. In other directions we 
have constantly been impressed with the insight shown by many individual 
teachers into the characters and special aptitudes of the children under their 
charge. 
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tests for such qualities should, if possible, be devised. Meanwhile; 
it is consoling to notice that expert observation of the child’s 
behaviour and performances during the tests themselves has 
proved capable of supplying to the experienced observer much 
valuable information upon the child’s temperamental traits. 
It is evident, too, that there is room for large improvements in 
the technique of the personal interview. Emotional and moral 
qualities must largely be judged on the basis of personal impres- 
sions ; and, by appl 3 dng to the procedure at present in vogue 
the recognized psychological principles already worked out for 
all forms of oral interviewing, the methods of obtaining and 
recording such impressions might be greatly refined. 

9. One incidental result, of great importance vocationally, is 
the distinction between children who have a verbal and a non- 
verbal bias. Many vocations are but little dependent upon verbal 
capacities. It becomes obvious, therefore, that a child’s ability 
should not be assessed solely by his progress at school or by his 
performance in psychological tests of a verbal type. Accordingly, 
tests for mechanical, practical, and manual abilities are equally 
in need of standardization. 

10. A fact of great encouragement was the extreme willingness 
shown by teachers, parents, and officials, to co-operate in the 
investigation. All seemed to realize the importance of careful 
vocational studies for the children under their care ; all gave 
whatever information they could with the utmost readiness. 

As a rule, wherever teachers were able to make vocationoJ 
recommendations, these recommendations appeared to be remark- 
ably well founded, though at times a little vague and general. In 
many cases, however, the teachers confessed themselves to be at a 
loss. It is noteworthy that in regard to occupations requiring 
scholastic accomplishments (such as clerical posts, for example) 
the teachers’ recommendations were alw^ays more reliable than 
where other callings were in question. In their judgments of 
manual and mechanical aptitudes, and still more in their judgment 
of temperamental and moral qualifications, the reliability* of the 
teachers varied enormously from one person to another. 

It seems clear that in the near future the teacher will have 
an important part to play in the work of vocational guidance. 
The intensive personal inquiries that are involved appear far too 
prolonged and costly to be delegated wholly to outside specialists. 
With the deeper interest shown by teachers in the psychological 
study of the individual child, with the increased instruction in 
psychological methods given to them during their Training 
College course, it should soon become possible for a large part 
of the necessary testing* and recording to be undertaken as a 
piece of the normal work of the school, Nor will this be altogether 
a new and heavy burden ; for, in its general outline, the scheme 
that has proved successful in vocational studies seems closely 
similar to "that of the case-histories now so often compiled for 
children who demand special attention and examination on 
account of dullness, backwardness, dehnqu'ency, or nervous 
disorder. 
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Somewhat tmexpectedly, vve found thiat suggestions put forward 
by parents were often sound and far-sighted. Not infrequently, 
however, the parents were without any views or proposals of their 
own ; and readily welcomed any advice. The aspirations expressed 
by the children themselves ^at times threw" indirect light upon 
their personal qualifications i but, as serious, practical suggestions, 
were frequently fantastic. Throughout, it was evident that until 
actual inquiry was made, very little was known of the real interests 
of the individual children. This, indeed, is one oi the most 
profitable lines wrhich an intensive investigation can follow". 

11. Children of outstanding ability, or of remarkable dis- 
ability, no matter in what direction, were infrequent in our small 
group of a hundred. As might have been anticipated from what 
is knowm already about the distribution of such qualities, pupils 
of high intelligence or of special aptitude proved to be excep- 
tional and rare. For this reason, a further study, comprising 
children in trade schools, central schools, and secondary schools, 
is doubly desirable. In particular, a careful inquiry seems needed 
to discover whether all the children capable of profiting by these 
more special forms of education are detected by the present system 
of selection, and, conversely, whether that system-depending as 
it so largely docs upon written examinations of a semi-scholastic 
type — ^may not mi^s many instances of high technical, manual, 
mechanical, or administrative ability, and pick out chiefly those 
whose talents are preponderantly academic. On the otlier hand, 
children whose abilities were below the normal W't-re not so 
exceptional. Childi*en sxicli as txiese arc likelj^ tv present special 
difficulty in placing ; and probably, to begin with, it w'ould be 
for these cases, most of all, that the practical help of the psycho- 
logist wT)n]d be welcomed by the school conference or juvenile 
advisorj?" committee. 

Of all the branches of applied science, vocational psychoiogj" 
is one of the youngest. Already, however, we could’ quote, were 
that our purpose, many an, instance, where our tests and our 
individual investigations had directed a young child, on the 
eve of leaving school, into an occupation for which he proved 
admirably fitted, but for which his fitness had not previously 
been noticed and probably would never have been guessed. But 
our primary concern has been, not with results, but with methods ; 
and we believe that we have amply demonstrated that euch 
methods are feasible, and that, with the further refinement that 
renewed re,search wall inevitably bring, they xvill prove of the 
utmost value to the individual and to the community, to the 
employer and to industry as a whole. 
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PREFACE. 

The Industrial Fatigue Research Board during recent years 
have devoted part of their resources to the study of the personal 
factor in accident causation, that is to say, the part played by the 
physiological and psychological qualities of the individual in 
contradistinction to his physical and mechanical environment. 

A summary of most of the work already conducted from this 
aspect of accident causation is contained in the Preface to an 
earlier Report of the Board^, and need not be repeated here. As, 
however, the present Report, which describes an attempt to apply 
statistical methods to the study of the subject, is actually an 
extension of some preliminary work carried out for the Board in 
1919^, the reference to this earlier report may be quoted ; 

" In addition to the total number of accidents and the 
immediate factors in their causation, the question of their 
distribution and of the causes which under equal conditions 
of risk render some parts of the working population more 
prone to accidents than others is of great importance. 

An investigation carried out by Greenwood and Woods 
on data collected in munition factories during the war 
indicates that distribution of accidents is largely influenced 
by a special personal susceptibility inherent in the individual 
and differing from one individual to another. Their report 
suggests, indeed, that this personal susceptibility may be a 
much more material factor in accident causation than is 
generally supposed, for it not only shows by statistical proof 
that in regard to accidents all workers do not start equal, in 
that some are more liable to suffer casualties than others, 
but also affords grounds for thinking that the bulk of accidents 
may occur amongst a limited number of individuals having 
a special personal susceptibility to accidents. 

The further study of this fundamental question of sus- 
ceptibility is midoubtedly called for in the interests of 
accident prevention, since, if the importance of special 
susceptibility as a factor in accident frequency is confirmed 
and the qualities which constitute it can be determined, the 
introduction of some system of selection on the basis of the 
accident risk of the work becomes a practical possibility.'' 

It will be seen that at the time that the above paragraphs 
were written, two matters had been selected as the basis for 
study, first, the collection of further evidence as to the existence 
of this individual susceptibility and the extent to which it operates, 

^Osborne, E. E., Vernon, H. M., and Muscio, B. (1922): Two Contri- 
butions to the Study of Accident Causation. — 1,F.R.B, Report No. 19 

2 Greenwood, M., and Woods, H. M. (1919) : The Incidence of Indus- 
trial Accidents upon Individuals, with Special Heference to Multiple 
Accidents. — I.F.R.B. Report No. 4. 

(18620) Wt. 5322/467/373 750 2/26 Harrow G,25 
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and, secondly, discovery of the factors underlying it. The Board 
accordingly decided to initiate further investigation on three 
lines, namely a second statistical inquiry based on accident 
records specially kept for the purpose, the intensive study of 
individuals who have had and who have not had accidents, and 
laboratory research on the factors influencing accuracy of move- 
ment.^ 

The first of these investigations, the direction of which has 
been assumed by the Statistical Committee of the Medical 
Research Council, has now been completed by Miss E. M. Newbold 
with the co-operation of 13 large firms in the country, and the 
results are embodied in the present report. 

On the existence of special individual susceptibility the report 
is confirmatory of the earlier work carried out by similar methods. 
The observed distribution of accidents among the populations 
studied is in every case very different from what would be expected 
either on the theory of chance incidence, or on the theory that 
liability is aflected by the fact that a previous accident has been 
incurred. In the words of the Report (page 23) : 

“ So far as the variation in the numbers of accidents per 
person goes, our facts are in accordance with the theory that 
the chance of an accident differs for each person ; but they 
are not in accordance with the theory that the chance is the 
same for each person, even allowing the chance, while 
remaining alike for all, to vary from time to time during the 
period of observation.” 

It might perhaps be thought that the existence of differences 
in individual susceptibility is so obvious that it is superfluous to 
prove it by statistical reasoning of some complexity. It is, 
however, by no means uncommon to meet with an expression of 
views implying that an accident is an occurrence of strictly 
extrinsic origin and that the qualities of the victim himself are in 
no way responsible for its incidence. 

But apart altogether from this, the methods adopted in the 
present investigation have enabled the subject of these individual 
differences to be treated on a roughly quantitative basis, and 
information to be gained as to their extent and distribution as 
well as their mere existence. The main result of this has been to 
confirm the suggestion that (to quote from the summary of the 
Report) “ the average number of accidents in any homogeneous 
group is much influenced by a comparatively small number of 
workers,” and this carries with it the important practical con- 
clusion that the elimination of comparatively few specially 
susceptible workers from *' risky ” occupations would go far to 
reduce the number of industrial accidents. 


‘A faker account of these investigations will be found in the Board's 
Fifth Annual Report. {H.M. Stationery Office ) 



To enable this selection to be made without submitting the 
worker to the test of actual experience, the personal factors 
underlying this susceptibility must be explored, and it is with 
this object that the Board have initiated the second and third 
lines of investigation, namely the testing and examination of 
individuals who have and who have not incurred accident, and 
laboratory research. The present investigation, confined as it 
is to the examination and statistical analysis of mass data, is 
obviously less well adapted for this purpose. Even here, however, 
some suggestive points emerge. For instance, the association of 
youth with accidents, which is indicated in earlier investigations, 
is confirmed, and, what is probably a newer point, minor accidents 
show a positive correlation with minor sickness, a fact suggesting 
that there is a common factor underl 3 dng both. 

Much work still remains to be done, in order that further 
knowledge of these and similar relations may be gained, but the 
Board think that the limits of knowledge that can be acquired 
solely by statistical methods have now been reached, and feel, 
indeed, that one of the main uses of the investigation has been 
to indicate how far statistical inquiry can go, and thereby to 
clear the way for the application of psychological and physiological 
methods to the study of the individual. 

As a final practical point,' the Board would invite attention to 
the section on p. 26 (containing Table VII) which describes a 
statistical test suitable for application to departmental accident 
returns, in order to show whether the average number of accidents 
is due to conditions affecting all the workers in about the same 
degree, or whether it is largely due to a small group of persons 
having many accidents. Clearly, different remedies for these two 
cases are indicated In the former case, the accidents probably 
arise mainly from causes affecting all the workers alike, and the 
remedy lies in some general alteration of the conditions under 
which work is carried on ; in the latter, further detailed obser- 
vation of the small groups affected is called for, and if no special 
cause is found in their individual conditions of work and the 
reporting of accidents is satisfactory, then the accidents pe 
largely personal in origin and can be reduced by transferring 
certain individuals to work involving less exposure to risk. 

The Board desire to record their indebtness to the Statistical 
Committee of the Medical Research Council for the general 
direction of the investigation and to the managements of the 
different factories concerned for the valuable facilities given. 

15, York Buildings, 

Adelphi, London, W.C.2. 

January, 1926. 
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L INTRODUCTION. 

The conditions of onr present civilisation tend more and rrio 
to make it possible for an accident arising from some trivial 
cause to involve many in disaster. It is not, however, tho^ 
accidents which most strike the imagination which are be^t 
adapted to the study of the cause and prevention of accidents i 
so far as this may be related to the human factor. For such a 
study we need a large number of observations both of accident 
and ot freedom from accidents, i.e., we want to observe a set of 
people exposed as far as possible to the same risks and to other 
conditions, some of whom have accidents and some of whom do 
not, and see what associations we can trace among them, 
get anything approaching to such conditions we have confined 
our present observations to industrial accidents. But this does 
not preclude the application of any results or suggestions that 
may arise to the problem of the determination of the fitness 
of an individual for any position involving special risk to 
himself or other people. In dealing with the human factor 
we do not intend in the least to minimise the importance 
of the mechanical side of accident cause and prevention, or to 
show any sympathy with the neglect of the first and most clearly 
necessary duty of any employer to make all machinery and working 
conditions as free from risks and as foolproof as possible. Fore- 
sight and ingenuity in that direction can go a long way, but very 
little study of the reports of industrial accidents is enough to 
show that the best devised safeguards cannot cover the whole 
field. It is repeatedly pointed out in the Annual Reports of tfie 
Chief Inspector of Factories that the great bulk of accidents are 
not caused by machinery and only a relatively small proportion 
can be prevented by mechanical safeguards. He estimates that 
the accidents due to machinery represent rather less than one- 
third of the total, though there is no doubt that they include a 
high proportion of the more serious accidents.^ There is, 
fact, a limit to mechanical protection, and there will always 
remain a large number of accidents against which no material 
safeguard can be provided, .... described as accidents belonging 
to the mental field.''^ In a report® on Dock Accidents i^ 
the Port of London in 1922, stress is laid again on the need for 
exercise of greater care and the avoidance of unnecessary risks 
" It will be seen that a very large proportion of the accidents 
originate from causes not concerned with deficiencies in safeguards 

^ Report of the Chief Inspector of Factories and Workshops for 1922 

p. 11. 

2 loc. cit. p. 13. 

® loc. at. (1922), p. 35. See also Report of the Conference on the 
Prevention of Accidents at Docks, 1924, p. 22. 
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or defects in plants and machinery, and the main hope of reducing 
the numbers and severity of accidents would seem to be rather 
in the elimination of hazardous practices than in improvement 
in standards of safeguarding.” 

A good deal of work has been done by previous investigators 
on the study of the personal element in accidents, and much of 
the more recent has been sinnmarised by Mr. D. R. Wilson in 
his preface to Report No. 19 of the Industrial Fatigue Research 
Board. Among the factors discussed in this respect are fati^e, 
speed of production, psychical influence, individual susceptibility, 
inexperience, age, alcohol, quickness of sight, lighting and 
temperature. Some of these may be alike for a whole group of 
workers, others may differ greatly for different individuals, and 
it is especially with the latter that we are at present concerned. 
The differentiation of individuals as regards accident susceptibility 
was for the first time statistically examined by Greenwood and 
Woods (1919).^ Dealing with trivial accidents to women munition 
workers they found that their data suggested an unequal 
distribution of individual liability, rather than either the effect 
of pure chance with equal susceptibility to all, or of original 
equal liability modified by the occurrence of an accident (see 
Section 3). The present work arose out of that report and 
continues more or less on the same lines on wider data from 
varied industries. 

The cause of an accident is hardly ever simple ; it may be 
, mechanical, physical, physiological, psychological, or more pro- 
I bably a combination of some or all of these. The value of mass 
statistics applied to such complex or, indeed, to any psychological 
happenings has often been called into question. Even to-day one 
meets with the same criticisms as were raised more than a hundred 
years ago when Laplace, Poisson, and Quetelet first began to 
apply numerical treatment to the psychological and sociological 
questions comprised under their term “ choses morales.” These 
criticisms, so far as they are relevant to our present work, are 
usually based on the following grormds : — 

(1) the complexity of the causes which are due to the human 

element. 

(2) the triviality of the events dealt with — (our accidents 

here are for the most part slight cuts, bruises, bums, 
etc). 

(3) that accidents — serious or trivial — are just “ accidents,” 

and might happen to anyone at any time, and are 
subject to no law. 

The answers to-day to such objections are the same as were 
^ven then ; firstly,^ that there is no essential difference except 
in increased precision (made possible by suitable notation) 

1 Report of the Indus^l Fatigue Research Board, No. 4, “ The 
Incidoucc of Industrial Accidents upon Individuals, wiii special reference 
to Multiple Accidents/* 
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between mathematical and any other logical method of reasoning, 
or as Laplace put it “La theorie des probabilites n'est, au fond, 
que le bon sens reduit au calcul/'^ The very complexity of the 
causes into which the human element enters is a reason /or rather 
than agamst analytical treatment. “ La societe n’est pas comme 
un instrument de physique, qu'on arrange ou qu*on derange a 
son gre, pour Tetudier sous toutes ses faces, dans tons ses rouages 
et sous le jour le plus favorable. ... On ne pent done pas, 
comme dans la plupart des sciences d'observation, rendre egales 
a volonte toutes les causes influentes moins une, pour etudier 
les effets et le mode d'action de cette derniere. Souvent il faut 
proceder par d’autres voies ; il faut substituer T analyse a la 
synthese, et commencer par prendre le phenomene dans son 
etat le plus general. 

The charge of triviality of the data would have some foundation 
if these minor accidents were themselves alone the subject of our 
enquiry. We look on them rather as some measure — inadequate 
though we know it to be — of a rather vague quality which we 
will examine more closely as we go on, and which we may call 
“ tendency to accident.” Such a tendency leads to certain 
events : in 99 cases out of 100, say, the consequences of these 
events may be of little or no importance, in the hundredth they 
may be disastrous, hence the seriousness or triviality of the 
consequence bears in general no relation to the exciting causes ; we 
may take as an index of the existence of potential causes of 
dangerous events any results of such causes quite irrespective of 
their importance in themselves. 

We now come to the third objection — ^that accidents follow 
no law. The principle of statistical stability has been defined 
by Poisson^ in the following terms : “ Les choses de toutes 
natures sont soumises a une loi universelle qu’on pent appeler 
la loi des grands nombres. Elle consiste en ce que si Ton observe 
des nombres tres considerables d^evenements d'une m^me nature, 
dependants de causes constantes et de causes qui varient irre- 
gulierement, tantot dans un sens, tantot dans Tautre, e’est h 
dire sans que leur variation soit progressive dans aucune sens 
determine, on trouvera, entre ces nombres, des rapports ^ tr^ 
peu prds constants.” “ Cette loi des grands nombres s'observe 
dans les evenements que nous attribuons a un aveugle hasard, 
faute d'en connaitre les causes, ou parce qu'elles sont trop 
compliquees,” and he concludes “ On ne peut done pas douter 
que la loi des grands nombres ne convienne aux choses morales 
qui dependent de la volonte de Thomme, de ses interSts, de 
ses lumidres et de ses passions, comme a celles de Tordre 
physique.” 

^ Laplace. “ Essai sur la Theorie des Probabilites.’* 

* Quetelet. "Lettres.” 

» Poisson. " Recherches sur la probability des jugements," 1837. 
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The truth of this principle in any particular application can 
be established by experience alone. That accidents do exhibit 
f statistical stability has been illustrated by Collis and Greenwood 
( 1921 )^, not only as regards absolute numbers and age distribution 
of fatal cases, but also in the distribution according to cause 
^ and to the part of the body affected in non-fatal accidents, and 
as described below we find evidence of the same quality also in 
our present observations of the most trivial accidents. 

Nevertheless, in spite of these considerations, there is no doubt 
that, having regard to both the nature of the tendency we are 
trying to investigate and the complexity of its causes, the 
measurable factors with which we are dealing here are pitiably 
inadequate and meagre. For this very reason, however, even 
small associations that are found consistently, in spite of all the 
masking factors, may perhaps indicate a still closer association 
between the underlying qualities than is shown by the necessarily 
inadequate numerical expressions that we are using to represent 
them. 

In the passage quoted above, Quetelet says we must begin 
by taking the phenomenon in the most general way. The present 
paper is only meant as a preliminary clearing of the ground by 
making as much use as possible of the mass statistics of individual 
information that are obtainable without special experiment in 
the normal course of the work in a well-organised factory, and it 
is ancillary to the more detailed individual experimental work 
which is being carried out by Mr. Farmer. It is clear a priori, 
and in doing the present work the point has continually forced 
itself on us that the scope of the mass examination of the sort of 
material dealt with here is limited, and that a study of the 
individual factor in accident causation calls rather for more work 
along the lines of individual study and experimental psychology 
(which is outside the province of the present writer) than for an 
extension of the statistical side of the work. This limitation is not 
meant, however, to apply to the use of accident statistics of this 
kind by individual factories, where the necessary details relating 
to the conditions of work and of the workers are either known or 
can be readily ascertained. Careful study of such records in 
different departments either along the lines followed here or in 
other fuller ways which may be possible in individual cases, would 
probably often define more closely the profitable field of preventive 
measures. On the whole, the results of the present inquiry show 
that a high accident average in a department is usually traceable 
to a relatively small proportion of those employed, and that part 
at any rate, of the cause is personal rather than mechanical. In 
cases where the distribution is clearly not a chance one, very little 
observation in the workshop by anyone thoroughly familiar with 
the work, or perhaps an experimental interchange of occupations 


^ ** The Health of the Industrial Worker.*' pp. 176 at seq. 
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or machines among workers, would soon decide whether the cause 
was mainly personal or mechanical, and so point if necessary to 
the remedy. On the other hand, a high accident average, combined 
with a chance distribution among the workers, would point to 
causes inherent in the conditions of the work and affecting all 
alike. 


2. Description of Data. 

The original aim of the present investigation was to examine 
the incidence of accidents in different industries with special regard 
to the following points, so far as these can be determined from 
factory records without special experiment : — 

(1) The possibility of establishing in different occupations a 

characteristic ratio between the frequency of accidents 
of all kinds and notifiable accidents. 

(2) The question of the extent of the existence of individual 

workers having a distinct tendency to incur accidents. 

(3) The statistical correlation of accident incidence with age, 

sex, experience, health, output, etc. 

A large number of firms, covering many different industries, 
were visited and their accident records inspected, and it soon 
became clear that the ratio of notifiable accidents to accidents 
of all kinds would not be comparable from firm to firm and from 
year to year, not only because of the great difference in the risk 
of trivial accidents in different processes of the same occupation, 
but also because with improving conditions two factors are acting 
in opposite directions on the figure for the number of accidents 
of all kinds : — 

(1) Their actual number tends to decrease with improved 

conditions.^ 

(2) Their reported number tends to increase owing to greater 

strictness about reporting trivial injuries, to improved 
First Aid facilities, and sometimes to the introduction 
of compensation paid over and above statutory 
compensation. 

Consequently this point was dropped, and attention devoted 
to the question of the existence of individual tendency and the 
association of this tendency with other qualities. For this purpose, 
since large numbers of individual records were needed, it was clearly 
useless to deal with serious accidents alone ; also, as already 
mentioned, a trivial accident will serve for our present purposes 
(which are concerned with the tendency to accident rather than 


1 For instance, in a department employed on packing soap tablets in 
wooden boxes each girl used to nail np her own boxes as she packed them ; 
this resulted in a large number of hammered finger tips, etc. The work 
was rearranged so that one or two girls did all the nailing for the rest, 
and these accidents practically disappeared. 


8 


the consequences), as well as a more serious one. (For this point, 
see also Section 10.) In this report, therefore, " accident ” denotes 
any injury, however slight, which is recorded as treated either in 
the Ambulance Room or from Ambulance Boxes. 

Out of many factories visited, twenty-two were chosen as 
being suitable, and willingly undertook to keep records. In a few 
cases the past records coidd be used, but in most cases records have 
been specially kept for us on individual cards (see specimen in 
V Appendix 5.) The periods covered vary from three, months to 
two years, the total number of workers observed was 8,962 — 
6,938 men and 2,024 women, and the number of accidents 16,188. 
The management and staffs of the various factories have been 
very ready to help, and have not only put their records at our 
dis^sal but in most cases have had the special cards filled in 
for us by their own staff, and we should like to express our 
gratitude to them for this help. We are also glad to acknowledge 
help in the choice of factories from H.M. Inspectors of Factories. 
The choice of firms and departments was guided by : — 

(a) Opportunity Jior many small accidents. 

(J) Homogeneity of work done. 

(c) Strict reporting of all trivial accidents. 

The manufactures include ; Electrical apparatus, textile 
machinery, motor cars, optical instruments, general engineering, 
soap and glue, india-rubber articles, sweets, chocolates, 
ammunition, brass and copper articles, wooden boxes, cardboard 
boxes and tin boxes. 

The information that it was found possible to get for individual 
workers was : Age, sex, length of time in the factory, number 
and type of accidents, visits to the Ambulance Room for minor 
ailments, time lost for sickness, accident, lateness, and other 
causes, and occasionally output. 

Some of the firms who were willing and in some cases began 
to keep records had to drop out owing to slackness of work in 
the departments chosen, or to scarcity of accidents or other 
reasons such as reorganisation of work ; also the records from 
firm to firm have varied very much in completeness. In very few 
cases was it possible to get any really comparable information 
as to output, and in many cases lost time and sickness were not 
recorded, or were so small as to be negligible, hence the many 
gaps in our tables. 

One of two general points may be noted here. The details of 
the grouping adopted are given in Table I. Perfect homogeneity 
of work done in any group is very difficult to find under 
normal factory conditions ; perhaps Group II of Factory D 
and the small group of women in Factory C come nearer to it 
than any of the others. Where this was not obtainable we have 
chosen as far as possible occupations where the chance of accident 
arises from the material handled or other general conditions 
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alike for all, rather than from machine accidents. In some 
cases the complete subdivision of occupations would have resulted 
in groups too small to deal with separately. Hence, in Factory A 
(motor car making and assembling) we have combined the 
occupations into three groups, according to the mean number 
of accidents per person. Group I contains all occupations where 
this number was 5 or over ; Group II, all occupations where it 
was under 5 but not lower than 3 ; and Group III, all under 3. 
In Factory B (soap making) the classification was on the same 
principle. Group I (women) consists of the only department 
with an accident rate less than 1-5 in the six months observed. 
Group II, all other women’s departments — and this group is 
probably the least satisfactory, as regards homogeneity ; for 
men the classification was 1 or over, and less than 1. In Factory G 
(rubber boot and shoe making) the division was into hand and 
machine workers. In Factory H (tin-box making) no division 
was foimd practicable ; the accidents here arose mainly from 
small cuts by the tin, which all alike had to handle. The 
opinion of the factory officials was in all cases sought as to the 
most suitable occupations to take or combine. The groups thus 
to some extent vary in homogeneity, but several of them are as 
clean in this respect as it is possible to obtain under ordinary 
working conditions, and, as appears later, there is no essential 
difference in the main features either of the distributions of 
accidents or of the correlations found when one passes from one 
group to another. 

Stress must be laid on the fact that no comparison as regards 
the average number of accidents should be made from one group 
to another ; the conditions are quite different, and such a com- 
parison would lead to no useful result. Our aim has been rather 
to take each group separately, and examine the distribution and 
associations within that group, and then see what points are 
common to many groups. In dealing with variables, in which 
the social or human elements can enter largely, it is often not 
possible to get any single homogeneous group big enough for 
an association which is not quantitatively large, to appear 
significant with regard to its probable error, but a number of 
consistent results from different groups, even if the sampling 
errors are large, inspire some confidence in their stability. This 
method of treatment has involved a good deal of somewhat 
tedious numerical computation, for the greater part of which I 
am indebted to Miss C. A. Thomas, Mr. E. Lewis-Faning and 
Mr. J. Martin. 

3. Distributions of Accidents among the Workers. 

(See also Appendix I and II.) 

To avoid a wearisome description, the main preliminary 
facts about the different groups have been set out in tabular 
form in Table I, not for comparison one with another as regards 



Table 1. 


Nature of Groups observed as regards Occupation and Accidents {Males). 


Fac- 

tory. 

Group. 

Nature of Occupation. 

Length 

of 

Period 

Observed. 

Mean 
No. of 
Accidents 
per 

Person in 
Period. 

♦ 

Standard 

Devia- 

tion 

* 

Obseived 
Coefh- 
cient of 
Varia- 
tion. 

C. of V. 
of 

Poisson 

with 

same 

Mean. 

No, of 
Persons 
Observed 

No. of 
Acci- 
dents. 

A .s 

I. 

Making and assembling Motor 
Cars (Metal Departments): — 
All departments with mean 

6 months 

6*44 

6-47 


39-4 

204 

1,313 

A .. 

II. 

number of accidents, 5 or 
over. 

All departments, under 5 but 

Do. 

3*78 

4-14 

109-6 

51-4 

352 

1,330 

A .. 

III. 

not under 3, 

All departments under 3 

Do. 

2*56 

3-25 

127-1 

62-5 

304 

777 

B .. 

I. 

Soap Manufacture : — 

All departments with mean 

5 months 

1*81 

2-26 

124-7 

74-3 

148 

268 

B .. 

II. 

1 or over. 

All departments under 1 . . 

Do. 

•57 


159-7 


299 

169 

E .. 


Makers of Textile Machinery : — 
Whole Factory 

2 years 

1-36 

2-68 

196-3 

85-8 


4,914 

E .. 

I. 

Fitting 

Do. 

3-64 

3-71 


52-4 


mimm 

E .. 

11. 

Moulding 

Do. 

•51 

•97 

188-5 

139-7 

281 

144 

E .. 

III. 

Ring Room . . 

Do. 

•18 

•77 

436-5 

237-7 

226 


E .. 

IV. 

Spindle and Flyer . . 

Do. 

•41 

•83 

205-1 

156-9 

256 


E .. 

V. 

Joiners 

Do. 

2-73 i 

4-34 

159-2 


77 


E .. 

VI. 

Sawmill 

Do. 

2*66 

3-54 

133-1 

61-4 

93 

247 

E .. 

VII. 

Tinworking . . 

Do. 




42-3 

57 

319 


F .. 

I. 

Commercial Motor - vehicle 
Makers : — 

Valve making 

3 months 

•27 

•45 

163-3 

191-5 

22 

6 

F .. 

II. 

Capstan department 

Do. 

•43 

' -67 


152-1 

81 

35 

G .. 

I. 

Rubber Boot and Shoe Mak- 
ing 

Hand workers 

2 years 

1-47 

1-94 

132-4 

82-8 

47 

69 

G .. 

11(6). 

Machine workers . , . , 

Do. 

1-61 

2-38 

147-7 

78-8 

82 

132 

I .. 

— 

Parts for Cars, Motor Cycles, 
etc. - 
Machine shop 

1 year 

•68 

1-31 

191-8 

120-9 

190 

130 

M .. 

I. 

Chocolate manufacture : — 
Moulding chocolate 
(machines), day. 

1 year 

3-94 

3-84 

97-3 

50-4 

301 

1,187 

M . . 

II. 

Ditto, night.. .. .. 

Do. 

3-98 

3-75 



376 

1,499 

M .. 

III. 

Confectionery sugar boiling, 

Do. 


2-57 


63-21 

1S1 

453 

M .. 

IV. 

mixing cream paste, etc. 
Unloaders . , 

Do. 

•48 

•77 

159-5 

144-2 


51 

M .. 

V. 

Warehouse, despatching 

8|^ months 


4-26 



92 

374 

M 

VI. 

(packing in cases and load- 
ing into trucks). 

Fitting (General Engineering 
and maintenance). 

1 year 

1-95 

2*67 

137-2 

71-70 

218 

424 

N .. 

— 

Rolling Mills (brass and copper) 

6 months 


4-83 

166-6 

58-7 

284 

823 

P .. 

* 'TV., 

— 

Scienti^c Instrument makers : — 
Engine room workers 

1 year 

1-04 

1-41 

135-9 

98-1 

50 



of the squares of tte deviations from variation of a set of observations about their mean It is the squai 
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The full curves give in each case either a single Poisson^ 
fitted to the mean or, where the group contains more than one 
occupation, a combined Poisson as described above. In every 
case except the small experience (small in both time and numbers) 
of Factory F, the correspondence with the observed values (shown 
as histograms in the figures) is bad, and with the exception of 
the same factory, the discrepancy is always in the same direction, 
i.e., there are too many people observed with no accidents, 
and also too many people with the larger numbers of repeated 
accidents, in other words, as the coefficients of variation showed 
us, the individuals are not grouped so closely about their means 
as they should be on the theory of equal risk for all. - Men and 
women show the same tendency. 

The general result suggests that perhaps the mean is not the 
best criterion to take in estimating the theoretical distribution. 
The average number of accidents in a department is influenced 
by a comparatively small number of multiple accident people, 
whose accidents seem to be due either to a special tendency in 
themselves or to special circumstances in their work or their way 
of doing it. Since in most cases the largest group is that of 
persons with no accidents, another not unreasonable way of 
looking at the question is to take the proportion of this group 
to the whole as a criterion, and assume that it is not too much to 
expect that, since this proportion of people can escape accidents 
altogether, the accidents which do occur in the same department 
should be distributed according to the Poisson exponential, 
which has the same proportion in the zero group. The theoretical 
distributions obtained on this assumption are shown in Graphs I 
and 11 by the broken line curves.^ Here again Factory F is 
the only one which gives a really good fit, and, as might be expected 
from the previous comparison, the number of people with many 
accidents exceeds the theoretical number to a still greater degree. 
For instance, in Factory A Group III, by the “ pure chance ” 
theory we should not expect anyone to have more than fourteen 
accidents on the basis of the observed mean, nor more than 8 on 
the basis of the observed number who escape accident altogether, 
whereas in actual fact there were 114 with over 8 accidents and 
30 with over 15, the largest number being 34. 

It is very clear from these graphs that our groups are not 
homogeneous as regards accident risk. We can, of course, never 
hope to establish the truth of a hypothesis by the accuracy of 
fit of an observed series with the theoretical distribution 
calculated on the basis of the hypothesis. Even with very large 
numbers, excellent fits can be obtained with series based on 
quite incompatible hypotheses. Such comparison, nevertheless, 

^ Strictly speaking, it may be considered illogical to represent a dis- 
continuous series of this kind by a continuous curve, as the frequencies 
are here given by the ordinates, but the curves have been used as being 
Jess confusing to the eye, and the top of each ordinate marked by a dot. 

* See also Appendix I. 
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may be extremely useful to show either that a given hypothesis 
does not hold, or that it might hold, and, on the assumption that 
it does, to see what sort of values would be obtained for constants 
involved. 


Two other hypotheses relevant to accident distributions 
were discussed by Greenwood and Yule in the paper quoted above. 
The first^ of these assumed that the liability to accidents is 
altered by having sustained an accident ; the series from which the 
numbers having 1, 2, . . . accidents can be computed is 

N /N-s , s\n . . , ^ , . . 

— I "35^ N / ^he first term, where s is given by 


[X 2 = — n + s {n — 1)} 


N=Number of people. 
:Number of accidents. 


W n= 

[I 2 = Ihe second moment of the accident distribution. 
When s is greater than unity it denotes an increased liability 
after the first accident. The group having no accidents is 
equal to N , N {s — 1) 


The writers concluded that the theoretical basis of this biassed 
scheme was not appropriate to the present problem, and that at 
best it could only give a good smoothing formula. In the 
simplified form in which we have quoted it, it can be readily 
employed, and they found that it graduated some of their 
distributions very reasonably, though not, on the whole, so well 
as a third scheme. It has not proved so successful with 
those of our present samples. We have tried it on factories A 
(all), B (all males), E (all), M Group I males and M Group II 
males, and in each case it fits badly and gives a second maxi- 
mum after the first term which does not appear in the observed 
values. From the form of the equation we see that this later 
maximum will appear whenever n—1 is greater than the integral 


part of 


{n + 1) (N~s) 
N 


This leads to the consideration that if 


in distributions where, as in most of the present cases, the accident 
risk is small, so that the zero group is a large one, there were any 
general tendency for one accident to lead to another for 
psychological or other reasons, this would probably after a time 
lead in many cases to distributions with at least two modes, one 
in the zero group and another later on. Practically none of the 
observed distributions are of this form ; almost all, with the 
exception of Factory A, Group II^ have only one weU-defined 

^ loc. cit. p. 259. 

2 In the single exception the second maximum, which occurs at three 
accidents, disappears when the distribution is corrected for age and 
sickness tendency (see Section 8). It might be objected that this is what 
would be expected, and since age and length of time in the factory are 
positively correlated, it makes the test invalid if a correction is made for 
age. This would be justified if age were positively correlated with the 
number of accidents, but, as a matter of fact, this is one of the groups 
which shows an appreciably significant negative correlation between age 
and accidents. 


B3 
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maximum, tisually in the group with no accidents, in a few cases 
in the one accident group or later. This is in itself some evidence 
against such a tendency. 

We must remember also that our periods of observation begin 
at quite arbitrary and irregular periods as regards the length of 
previous factory life of the different individuals in each group, 
and if there were any very distinct tendency for increased liability 
to accident to those who had already had one or more, we would 
naturally expect to find some tendency on the whole for those 
who had been longer in the factory (and so had more opportunity 
for previous accidents, before our period of observatipn began) 
to show increased liability to accident. This is not, however, the 
case ; what correlation there is between accidents and length of 
previous emplo 3 nnent in the factory is, in the great majority of 
cases, in the other direction, i.e., the people with most accidents 
have, on the whole, been a shorter time in the factory (see 
Section 4 below). 

The third scheme discussed by the same authors’- was one 
arising from the theory of an unequal distribution among the 
workers of susceptibility to accidents. The simplified form they 
adopted was based on the assumption that this distribution was 
continuous and of the form y—yji — X’'—’ where X is the 
measure of liability, or susceptibility, and c, r and y^ constants. 
The resulting accident distribution is fitted from the mean and 
2nd moment about the mean of the distributions observed.® They 
found on their data from women workers in munition factories 
that this scheme gave a better fit than either the pure chance or 
the biassed scheme. We have tried this on some of our larger 
groups with the same result. The details are given in Tables II 
to V. In those groups, which are made up of more than one 
department, we have taken as the pure chance theoretical 
distribution the sums of the Poissons fitted to the means of each 
department separately. Very few of these equal liability distribu- 
tions, as we have already seen from graphs I and II, give at all 
a reasonable fit, and some entirely fail to get the general shape of 
the observed groups. The unequal liability theory (denoted in 
the tables by (51) and (52)) is in all cases a great improvement on 
the Poissons. It is stid far from a very good fit in some cases, but 
by combining some of the groups the results on the whole are fair, 
as tested by Pearson’s Goodness of Fit Test. To sum up these 
results I think we can say that, though it clearly does not give 
the whole truth, the assumption of this particular arbitrary smooth 


^ loG. cit p. 274. 

» The equations for fitting are, mean = - p and the fre- 

quencies of 0, 1, 2 . . . . accidents are given by the successive terms 
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Table II . — Comparison of Observed with Theoretical Distributions. 

FACTORY A (Whole Factory). MALES. FACTORY A. (Group I.) MALES. 

No. of Persons. No- of Persons. 

; ; No of i iT 
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FACTORY E. (Whole Factory) .—jVIALES. 


No. of Persons. 


Observed. Calculated by (51) and (52). 


Sum of Poissons 
fitted to means of 
Departments. 


2664-73{2“®;g 

477 - 25 { 

210-05( 


107*53 


Over 16 


62*11 
45*42 
33*66 
25*20 
' 19*02 

14*46 
' 11*04 

^ 8*48 

6*53 
5*05 
" 3-92 

^ 14*08 

3601*00 


1532*08 

846*59 

492*80 

302*68 

189*05 

113-36 

63*28 

32*74 

15*84 

7*25 

3*16 

1*32 


3601*02 


For 18 groups 147*2 

P< *000001 


For 9 groups 16*2 
(as by left P= *04 
hand grouping) . 


39 


3601 
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distribution, of individual susceptibility among a body of workers, 
ignoring the different risks in different departments, gets 
considerably nearer the truth than does ignoring individual 
susceptibilities and taking account only of different risks in 
different departments. This is a noteworthy point, as in some cases 
the differences in the mean number of accidents in different 
departments is very sharp. The association between the 
department in which the worker was employed and the number 
of accidents he (or she) had as measured by the correlation ratio 
has been found in a few cases, and is of about the order *4. 


1 ^ .11 I 1 

Correlation Ratio between Department 
and No. of Accidents. 

No. of 
Depts. 

No. of 
People. 

Factory. 

A. Males 

V 

•306 ± *021 

18 

860 

B 

•363 ± -028 

26 

447 

B. Females 

•397 ± -035 

14 

267 

E. Males 

•463 ± -009 

58 

3,601 


Here again, of course, we must remember that so far as the 
distributions go, “ individual susceptibility '' may mean suscep- 
tibility due to some conditions in the individuaFs work which he 
does not share with the others just as well as personal tendency. 
In the following sections we shall go into this point, and there 
are many suggestions that the part played by the personal factor 
is not unimportant. 

Most of our groups are too small to fit curves to with any 
profit, hence we will go back to another way of expressing the 
variation which can be applied to them all, and consider among 
the innumerable possible schemes of sampling the three well- 
known elementary ones which have been called those of Bernoulli, 
Poisson and Lexis. To describe these clearly we take up the 
old parable of the urns : — 

(1) . Bernoulli's Scheme , — ^We make s drawings from an urn 
having a proportion, of white and black balls, the proportion 
being kept constant by putting back the balls as drawn, and we 
note the number of white balls ; we do this N times, so that we 
have N sets of s balls in each set, and know the numbers Wg, 

of white balls in each set. Then, if the proportion of white 
and black balls has been unaltered throughout and the drawing 
random, the theoretical sta ndard deviation Ob of the number of 
white balls drawn will be V sp^ where p^, 

(2) . Poisson's Scheme ^, — ^We have s urns containing black and 
white balls in proportions Pi, p^ • • ^ ps> constant for each urn, 
but varying from one urn to another. We make s drawings, one 


^ This is not, of course, to be confused with Poisson's exponential series 
referred to above, which results here as a particular case of the Bernoulli 
scheme when is very small and s very large. 
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from each urn, again with replacement, and note the number of 
white balls. We do this N times so that again we have N sets 
of s balls in each set, and know the numbers Wi, Wg . . . Wu 
of white balls in each set. Then, if the prpportions ^2 . ... ps 
have not changed during the N sets of drawings, the theoretical 
standard deviation Cp of the numbers of white balls will now be 
less than in the previous case. We have, putting 

.^0 = Y (/’i+i’ 2 + • • +^s) and g’o = l—po 

r == s 

V == ?o- S iPr-p^Y' (1) 

r = 1 

(3). Lexis' Scheme, — ^We go back to a single um having black 
and white balls in a certain proportion and make a set of 5 
drawings from it, replacing as before each ball as drawn, and note 
the nnraber m-i of white balls, we then alter the proportion of 
black and white balls to p^ and make another set of s drawings, 
we do this N times, altering p each time, so that again we have 
hi sets of s balls and know the numbers in each 

set. In this case the constitution of the urn has remained the 
same for a single set, but has changed from set to set. Then 
putting Pa — {Px + p 2 -Y ■ • ■ + ^n) /n and = 1 — Pf» so 
that Pa is the average chance of a white ball, the theoretical 
standard deviation ctl of the numbers of white balls in a set 
will be greater than in the Bemoullian and we will have : — 

y = N 

= sp, qa+ S iPr-PoY (2) 

y = 1 ■ 

i.e.. Cl® = aB®+(s®— s) cJp (3) 

where c7p is the standard deviation 
of the variations in the chances from the mean chance pa. 

Now the N sets of drawings in each case are the N people in 
an observed group, each single one of the s drawings of a single 
set is the result of observing a person for one small time-period — 
so small that only one accident could possibly happen in it. 
Each white ball drawn represents an accident, a black ball drawn 
represents the passing of one of the small time-periods without 
an accident to the person observed. The p’s represent the chances 
of an accident happening to a person in one of the small time- 
periods. Accordingly scheme (1) corresponds to the theory that 
the chance of an accident is the same for each person and 
unchanged throughout, scheme (2) to the theory that the chance 
of an accident is the same for each person, but changes for all 
alike at different times during the period of observation, and 
scheme (3) to the theory that the risk differs from one person to 
another, but does not change during the course of the period of 
observation. , 
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Now we know N = the number of people, and we know 
the numbers m^. , .m-^ of accidents each of these people 
has, and so can find the mean {sp^) and standard deviation or of 
these numbers (see Table I). We don*t know s, and we don’t 
know the p’s, but we may reasonably suppose the time-period 
in which only one accident can happen to be very small compared 
to the whole period of observation, so that s, the number of these 
periods, is very large. Even if we take into account the time 
taken to go to the Ambulance Room and have a dressing 
put on, and allow, say, 5 or even 10 minutes for each 
accident, ^the number of 10-minute periods in the whole working 
time observed is large enough for us not unreasonably 
to neglect s compared to s^, and we may also suppose 
that p is small enough to neglect sp^ compared to, sp. The 
theoretical standard deviation V sp^q^ of the Bernoullian scheme 
thus becomes equal to V^, i.e., to VM, where M is the mean 
number of accidents per person. In our groups in every case 
but one (and that, as we have seen, but a little one) the observed 
standard deviation is greater than the square root of the mean, 
so that of the three schemes that of Lexis is the only one tenable. 
This is only another way of putting the fact already noted that 
the observed coefficient of variation is greater than the theoretical, 
and is a not unexpected result. 

Hence, so far as the variation in the numbers of accidents 
per person goes, our facts are in accordance with the theory that 
the chance of an accident differs for each person (Lexis’ scheme) ; 
and they are not in accordance with the theory that the chance 
is the same for each person (Bernouille’s scheme), even allowing 
the chance while remaining alike for all, to vary from time to 
time during the period of observation (Poisson’s scheme). 

The advantage of thinking of these three schemes is that it 
leads us at once to the most natural measure of the variation 
of the chance of an accident from one person to another — ^the 
standard deviation of these personal chances expressed as a 
percentage of the mean. Charlier has called this the ‘‘ coefficient 
of disturbancy and gets at once from equation (2) above by 
neglecting s compared to 


P 


3 


V 




S {Pr-Pom 

r=l 


Po 


J Gj}-spoqo 


spo 


1 Arkiv. for Matematik Astronomie och Fysik. Meddelande fran 
Lunds Astronomiska Observatonum. Uppsala and Stockholm. 1912. 
Band 8, No. 4, p. 31, “ Contributions to the Mathematical Theory of 
Statistics * * 

See also Yule, Theory of Statistics,'* 5th edition, Chap. XIV, Section 
10, where the absolute, not the relative, value of tfp is discussed. 
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In our case, since is practically unity, this reduces to 

p= where M is the mean. The following table gives 

the values of lOOp for all the groups considered, i.e., the percentage 
variation in the accident tendency '' of the N people involved. 


Table VI. — Percentage Variation of the chance of an Accident 
to different people of the same group. [Charlie/ s 
Coefficient of Disturbancy.) 


MEN. 


WOMEN. 

f 

Factory. 

Group. 

No. in 
Group. 

lOOe 

Factory. 

Group. 

No. in 
Group. 

100^ 

A 

1. 

204 

92± 5-41 

B .. 

I. 

145 

94±13-3 

A 

11. 

352 

97± 5-4 

B .. 

II. 

100 

88±10-9 

A 

III. 

304 

111± 7-5 

C .. 

— 

58 

95±14*7 

B 

I. 

148 

100±10-8 

B .. 

I. 

28 

59±10-6 

B 

II. 

299 

88±14-2 

D .. 

II. 

98 

102±14*8 

E 

All 

3,601 

177± 4*7 

G. .. 

I. 

120 

158±28*3 

E 

I. 

440 

87± 4-3 

G .. 

II. 

50 

139±43-2 

E 

II. 

281 

127±17-4 

H .. 

— 

346 

94±10*4 

E 

III. 

226 

366±88-4 

I .. 

— 

161 

103±17-1 

E 

IV. 

256 

132±21*7 

K .. 

— 

125 

103±13-5 

E 

V. 

77 

149±21-6 

M .. ' 

1. 

380 

110±18-2 

E 

VI. 

93 

118±14-5 

M .. 

II. 

161 

109±10*4 

E 

VII. 

57 

127±18-4 

M .. 

III. 

142 

^ 79±12-6 

F 

I. 

22 

Imaginary 

M .. 

V. 

110 

140±26-2 

F 

II. 

81 

25±75*9 





G 

I. 

47 , 

103+21-2 





G 

II. 

82 1 

125±18*9 





I 

— 

190 1 

148±20-4 





M 

I. 

301 

83± 4-9 





M 

IL 

376 

80± 4-2 





M 

III. 

181 

81± 7-1 





M .. 

IV. 

106 

68±28-8 





M 

V. 

92 

92± 9*8 





M 

VI. 

218 

117±10-2 





N 


284 

156±12-2 






1 These probable errors are not exact, but found from the approximate 
formula : — P.E. of q (for the case when cr„ = a/m) = ” — 

B V i-VJ./ 

{(2a=-M)^ + 2M^a^y. 

(For note on this formula, see Appendix III.) 

The values of lOOp are very large, even in the group II of 
Factory D. which is probably the one in which the conditions were 
most uniform for all the workers, so that in this case, at any rate, 
the variation must be very largely personal. The average 
value of the percentage variation, omitting the obviously unhomo- 
geneous group of the whole Factory E, is, roughly, 100 per cent. 
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both for men and women, and when the large probable errors 
are taken into account as well as the even more important factor 
of the differing scope for the play of variation owing to the small 
chance of accidents in some groups, the differences from group 
to group are not excessive. The large size of the variation found 
here can be compared with that in other t5rpes of frequencies 
given in the following table compiled by Charlier^ with the last 
two added from Yule's data®. 


Suicides different years on 5,000,000 

inoo 

20-33 

Divorces 

)f }> ft • • 

18-81 

Rainy days 

„ „ in Ltmd 

17-65 

Drowned 

„ „ on 5,000,000 

11-62 

Deaths 


6-99 

Marriages 

tt If »>•••• 

5-49 

Births 

>> if ft • • • • 

4-07 

Twins 

it it • • • 

4-17 

Births 

„ „ in Lund 

3-67 

(s = 16,000) 

Male infants different districts of Sweden 

0-95 

Male infants 

different years . , . . imaginary 

Deaths in childbirth per 1,000 births (Regis- 



tration Districts in England and Wales) . . 11 to 21 
Male births per 1,000 living births (Registration 

Districts in England and Wales) . . 0 • 16 to 1 • 22 

and also imaginary 

When we remember that some trouble was taken to try to get 
departments where the risk of accident appeared to vary as 
little as possible under normal factory conditions, these figures 
show how unhomogeneous in this respect even the best of our 
groups are, and how inadequate the mean number of accidents 
per person is by itself as a measure of the accident risk in a 
department. 

An increasing number of factories are now keeping minor 
accident records and making periodical analyses of them (it is 
surprising incidentally to find even among those whose accident 
records are fairly detailed, how few refer them to the numbers 
employed). Such analyses, especially when they give details of 
the cause and t 3 ?pe of accident, are of the greatest value in 
accident prevention. The distributions obtained in this enquiry 
suggest that a further step (which involves very little extra 
arithmetic) might be taken in such periodical summaries, in 
cases where the works can be divided into fairly homogeneous 
departments. The average number of accidents per person in 
any given department is usually calculated as a basis of comparison; 
if we want to find how to lower this number the first question that 
arises is, is the average due to conditions arising from the work 

^ loc. cit, p. 31. 

® loc, cit, pp. 263 and 283. 
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or environment which on the whole affect in more or less the 
same degree all the workers in the department, or is it on the 
other hand largely affected by a small group of people having many 
accidents and exposed to special risk, whether such risk arises 
from personal qualities or individual differences in their conditions 
of work ? Clearly these two cases call for different remedies. 
A rough approximation to an answer can quickly be obtained 
by finding the percentage of people in the department who have 
no accidents, and from the following table (Table VII) seeing 
what the mean number of accidents per person should be if all 
were exposed to the same risk ; — 


Table VII. — Table for a rough determination of the existence of 
inequality of Accident risk in a Department. 


Percentage of 
Persons having 
no Accidents. 

lOOe ^ 

Corresponding 
Mean No. of 
Accidents per 
person on 
“ Equal Risk 
Theory. 

m 

Percentage of 
Persons having 
no Accidents. 

me ^ 

Corresponding 
Mean No. of 
Accidents per 
person on 
Equal Risk ** 
Theory. 

m 

90-0 

*1054 

j 

2*25 i 

3*7942 

85-0 

*1625 

2*00 

3-9120 

80*0 

•2231 

1*80 

4*0174 

75*0 

•2877 

1*60 

4*1352 

70*0 

•3567 

1-40 

4*2687 

65*0 

*4308 

1*30 

4*3428 

60*0 

*5108 

1*20 

4*4228 

55*0 

•5978 

1*10 

4-5099 

50*0 

•6931 

1-00 

4-6052 

45*0 

•7985 

•90 

4-7105 

40*0 

•9163 

•80 

4*8283 

35*0 

1-0498 

•70 

4-9618 

30*0 

1-2040 

•60 

5-1160 

27*5 

1-2910 

•50 

5-2983 

25*0 

1-3863 

•40 

5-5214 

22*5 

1-4917 

•35 

5-6550 

20*0 

1-6094 

•30 

5-8091 

17*5 

1-7430 

*275 

5-8962 

15*0 

1-8971 

•250 

5-9915 

12*5 

2-0794 

•225 

6-0968 

10*0 

2-3026 

•200 

6-2146 

9*0 

2-4079 

•180 

6-3200 

8*0 

2-5257 

•160 

6-4378 

7*0 

2-6593 

•140 

6-5713 

6*0 

2-8134 

•120 

6-7254 

5*0 

2-9957 

•100 

6-9078 

4*5 

3-1011 

•090 

7-0131 

4*0 

3-2189 

•080 

7-1309 

3*5 

3-3524 

•070 

7-2644 

3*0 

3-5066 

•060 

7-4186 

2*75 

3-5936 

•050 

7-6009 

2-50 

3-6889 

•040 

7-8240 
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If it is found, as in most of the groups here examined, th. 
the observed mean is greater than the theoretical mean obtainea 
from this table, then it is probable that the number of accidents 
in the department is unduly affected by the few people who have 
many accidents, and observations and experiment among these 
few may result in finding where the cause is. For instance, in 
Factory A, Group II, the percentage of men having no accidents 
is 24*43, this gives an expected mean of about 1*4 accidents 
per person, the observed mean in this group is 3*78, which is 
therefore considerably higher^ than it should be judged by the 
number who escape accident altogether. (The broken line curve 
for this group (see Graph I) also shows that theoretically we should 
not expect any individual to have more than 6 accidents, while, in 
fact, 68 of them exceed this number and one man has as many as 
34 in the six months' period observed. This limiting number, 
however, depends on the number observed and is in any case not 
a good criterion to take, being subject to a large probable error.) 

If on the other hand the observed mean is not higher than 
that deduced from the zero group, then it is probable that 
the accidents that occur are not so much due to individual 
differences either of work or temperament, but that the causes 
lie in the general type of work or environment which is common 
to all the workers in the group, and the remedy lies in looking 
to these conditions. It is perhaps not unnecessary to repeat 
the warning given before about the difficulty of distinguishing 
between a real and an apparent high or low average. It is often 
the case that diligence in reporting accidents varies in different 
departments, but it lies in the hands of the factory officials to 
keep a high standard in this respect. Immediate reporting is in 
some places encouraged by compensation awards above those 
legally due, and by penalties for neglect to report even slight 
injuries. 

4. Relation of Accidents to Age and Experience. 

It is the common experience in analyses of accident records 
to find that with the taking on of new men accident rates go up. 
As these times usually coincide with increased business activity, 
we find the higher rate sometimes attributed to the speeding 
up of output and sometimes to the inexperience of the new comers, 
and it is often difficult from the published records to distinguish 
between these two factors. The apparent effect of inexperience 
is well brought out in the following rates for accidents causing 
loss of time in a large steel plant in America, January-May> 1916. 
(Chaney and Hanna, 1918).^ 

1 An approximation to the probable error of the difference is 
•67449 /O 

— my where m is the observed mean, P the percentage in the 

zero group and Q = 100 — P (see Appendix 4), 

2 Bulletin of the United States Bureau of Labour Statistics, No. 234, 
'*The Safety Movement in the Iron and Steel Industry, 1907 to 1917.'' 
L. W. Chaney and H. S. Hanna, 1918. 
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i Acc. frequency No, of 

Length of Service. rates per 1,000 300-iav 

300-day workers, workers. 

6 months and under .. .. 111-3 512 

Over 6 months and not over 1 yeai 104 • 3 278 

Over r year and not over 3 years 86*8 357 

Over 3 years and not over 5 years 42 • 4 637 

Over 5 years and not over 10 years 19*7 814 

Over 10 years and not over 15 years 8 • 5 470 

Over 15 years . . . . . . — 459 


Total .. .. 46*5 S,527 


Similarly in a motor car factory and a fuse factory covering 
together 50,000 workers (Frederick S. Lee and others)'*- it was 
found that the level of the accident rate varied inversely with 
experience of the workers, and though some of the methods in 
this report are open to criticism, this finding is in agreement with 
general experience. In such analyses however, when, as is usually 
the case, only one factor is considered at a time the interpretation 
is doubtful. 

Experience and age are naturally closely bound together, and 
it is likewise generally found that the older workers have as a 
rule fewer accidents than the younger ones when conditions of 
work are more or less alike (e.g., Chaney and Hanna, loc. cit., 
also Amy Hewes and Others (1921), who in a study of accidents 
in a silk mill in Connecticut found that the accident rate decreased 
with age, that those under 20 had the highest rate, and also that 
the younger people tended to have more than one injury to a 
greater extent than the older ones). How far this tendency is 
due to general immaturity and how far to unfamiliarity with 
the particular job is not evident without a more detailed analysis. 
In our present study we have tried to choose periods in which 
there were no great changes as regards pressure of work, and by 
breaking up into small groups to make the work in each more 
. homogeneous than is possible in the analyses which cover much 
larger numbers. Some attempt has also been made to separate 
the two factors of age and experience by using the method of 
partial correlation. We have only been partly successful in this 
as our measure of experience is limited to that of the particular 
occupation at the period of observation, and consists of the length 
of service in that particular factory, which in the great majority 
of cases means service in the same department ; where this 
differed and the information was available, service in the depart- 
ment was taken. Experience in the .same occupation but in 
other factories is thus left out of account. 


^ Public Health Bulletin, No. 106. Washington. ** Comparison of an 
Eight-hour Plant and a Ten-hour Plant.” 
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Table IX . — Experience {Length of Time in Factory in Years). 


Factory. 

Group. 

Mean. 

Standard 

Deviation. 

Coefficient 
of Variation. 

A 

I. 

Males. 

2-49 

1-75 

70*3 

A 

II. 

2-40 

1*71 

71*3 

A 

III. 

3*37 

2-21 

65*6 

B 

I. 

9-09 

10-80 

118-8 

B 

II. 

10-34 

11-80 

414-1 

F 

I. 

1*15 

•96 

83-1 

F 

II. 

2-28 

2*88 

126-5 

G 

I. 

13-27 

13*52 

101*9 

G 

11.(6) 

7-75 

7-94 

102-5 

I 

•86 

*88 

103-1 

M 

I. 

6-78 

5*23 

77-2 

M 

II. 

6-99 

4-32 

61*8 

M 

III. 

8-86 

7*11 

80*3 

M 

IV. 

6-51 

5-22 

80-2 

M 

V. 

15*39 

9*49 

61-6 

M 

VI. 

8-68 ; 

5*80 

66*8 

N 

— 

4*59 

6*95 

151*3 

B 

I. 

Females. 

4*25 

2*48 

58*4 

B 

II. 

3*53 

2-22 

62-8 

C 

— 

1*67 

2*19 

131-0 

D 

I. 

1*82 

1-61 

88*5 

D 

II, 

1*23 

•78 

63*7 

G 

I. 

4*36 

4-73 

108*5 

G 

II. 

5*60 

6-77 

120*9 

H 

— 

2*45 

2-78 

113-7 

I 

— 

•90 

1-06 

117*3 

K 

— 

3-76 

4-96 

131*9 

M 

I. 

7*63 

8*46 

110*9 

M 

II. 

3*43 

4-05 

118*2 

M 

III. 

4*37 

5*18 

118*6 

M 

V, 

1*32 

2*12 

159*7 


Factory E), or greater numbers of workers (as in Factory A). 
The groups where the observed values follow the straight line 
most closely are, on the whole, the larger ones. Men and women 
both show the same tendency, the women to a less marked degree 
owing to the smaller numbers of accidents in their case, the only 
exception being in Factory D, Group II, of women, where the 
accidents rise slightly with age ; but, as we see in considering the 
correlation coefficients, this is not an exception of any importance, 
it is also a group in which the variation in age is very small, 
almost all the girls being under 18. 

In a few cases (e.g., A.III, G.I, and N among the men, and 
G.II among the women), there is some tendency for the workers 
over 60 to show a slight rise. The numbers at these higher ages 
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are few, too few for the rise to be of any significance alone, and the 
point would not be worth mentioning, ii it were not in agreement 
with the course of the industrial accident death-rate discussed 
below. The suggestion of a parabolic regression is there in these 
few cases, but on the whole the only tendency that can be said 
to be definitely established is that for the younger workers to have 
more accidents than the older ones. 

With only two exceptions among the women, (D.II and M.II), 
the® rate of accidents also goes down with both men and women 
with length of time in the factory, though not so decidedly as 
with age. * It has not been thought necessary to reproduce these 
graphs. 

A more exact idea of the force of these tendencies is given by 
correlation coefficients^ of age with accidents and length of service 
with accidents (Tables X and XI). The distributions of the total 
coefficients are : — 


Correlation Coefficients of Accidents with (a) Age, 
(b) Length of Service, 



(«) Age. 

(6) Length of Service. 


Males. Females 

Males. Females. 

+ -2to4--l .. 

0 

0 

1 

0 

+ •1 „ 0 .. 

0 

1 

0 

2 

o„--i .. 

3 

6 

7 

5 

-•1 » --2 

9 

4 

8 

6 

-•2„--3 .. 

5 

2 

1 

0 


3 

1 

0 

1 

— 4., —5 .. 

3 

D 

0 

0 

-•5„--6 .. 

1 

0 

0 

0 


24 

14 

17 

14 


Age and accidents have a coefficient with its commonest value 
somewhere near —-2, for both men and women, which agrees 
with that found by Greenwood and Woods (—*19 and —*18) 
for women munition workers. In groups where the liability to 


^ In working all these correlations it was necessary to allow for the fact 
that some of the workers were not exposed to risk for quite all the period. 
The groups could not all be treated exactly alike. Where the 
numbers were large those who entered or left during the period were 
omitted, and in smaller groups the time of exposure to risk was kept 
constant. Temporary absence from sickness or other causes was treated 
in a similar way. In some cases no complete record of absence could bo 
obtained ; but where possible detailed information was obtained for a 
sample, and in no case did it appear that the correlation between the 
number of accidents and the time lost was high enough to make appreciable 
difference in the other results (e.g., the value of r for the 388 men in E 
whose names began with B was *003 ^ *034, and for a similar sample 
of 98 in A, f == — *035 ± -068, in fact in more than one case the mean 
number of accidents was slightly raised by putting in workers who had not 
the full exposure. 




Table X. — Correlation Coefficients of Accidents and Age. 
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(d) excludes and ® ip) includes a group of 5 sole workers with a higher accident average than other workers. 
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accident is greater, the coefficient is naturally higher and rises to 
— -4 and — -5. Many of the smaller coefficients are not in them- 
selves significant, but the general consistence of the values taken 
as a whole is in favour of the existence of a real association, 
though not a strikingly strong one. The connection between 
length of service and accident is slighter, the most common value 
of the total coefficient is — • 1, and here still more it is rather the 
whole distribution than the significance of single values that 
suggest any real association. 

To compare the relative effect of age and length of service 
we pass to the partial coefficients (Tables X and XI),'’ and note 
that when age is kept constant, the association between length 
of service and accidents practically vanishes, being as often positive 
as negative and in almost all cases insignificant. On the other 
hand, when length of service is kept constant very little appreciable 
change is made, on the whole, in the relation between accidents 
and age, and the same is true when allowance is made for the 
possible disturbing influences of varying length of exposure, 
etc. The association between accidents and age is therefore the 
stronger tendency, and has an independent existence, which 
cannot on these data be shown between accidents and length 
of service. We must remember, however, that our groups do 
not contain many absolutely new workers, and it is these, as a 
rule, who seem to be responsible for the sudden rises in accident- 
rates with increased trade. 

It may be that part of the association between accidents and 
age is due to selection, i.e. that the younger workers with liability 
to accident get weeded out, but the fact that the association still 
remains when length of service is kept constant suggests that this 
is not a very important factor. 

The possibility of a greater willingness to report trivial accidents 
among the younger workers must be considered, and it may be 
noted that one of the causes suggested by the Factory Inspectors 
for the increase in reported (which means more serious) accidents 
in 1923 over 1922 is “ anxiety on the part of elderly men to 
preserve their employnaent and full wages, resulting in their 
concealing trivial injuries until compelled to be off work by 
sepsis.”^ In our present data, though we cannot hope to have 
entirely eliminated unreported accidents, we have tried to escape 
them by careful choice of factories, and one sign that this source 
of error is not very great here is the fact that all tendencies 
shown by our figures appear comparatively strongly in Factory A, 
which had the strictest system of penalties for any unreported 
trivial accident, and where a full-time Safety First Official made 
this point his special duty. Another sign is the agreement with 
the American results quoted above for more serious accidents. 


* Report of H.M. Chief Inspector of Factories and Workshops for 1923. 
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In English publications accident-rates at ages are not easy to find.’- 
It is a generally accepted opinion that older people are more 
careful than younger ones, and it may seem superflous to show in 
such detail that this is supported by the fact that they have fewer 
accidents, but even a crude numerical measure of any fact, however 
familiar, is better than no measure at all, and these figures may 
serve to lay stress on the obvious importance in any potentially 
dangerous occupation, of giving special definite instruction to 
young and inexperienced workers and so following the example 
of the mining industry which is making special efforts in this 
direction.® At the same time, the possibility of a radical 
psychological difference in the attitude of workers to environments 
capable of producing minor and serious accidents is not to be 
overlooked, and this point is discussed later in Section 9. 


5. — ^Accident Mortality Rates at Ages. 

If we turn to the mortality at ages from industrial accidents, 
given in the Registrar-General’s supplementary report on “ Occu- 
pational Mortality,” a strikingly different tendency is at once 
apparent. These show a high positive correlation between 
accident death-rate and age. Collis and Greenwood (1921)® have 
drawn attention to these higher rates at the older ages and 
illustrated them graphically for 17 large ^oups from the 1900 
to 1902 data. We have compared approximately corresponding 
groups in the latest report* covering the 1910 to 1912 death-rates 
and find the same general tendency. The course is not really 
linear, the death-rate often begins with a slight drop, that at 
15-20 being rather higher than at the immediately following 
ages, which then usually show a slow increase ending in a rapid 
•upward rush after about age 55. 

In spite of the slight tendency, in a few cases of our data 
referred to above, for those over 60 to have more trivial accidents, 
the general courses of the trivial accident rate and the death-rate 
with respect to age are opposed. Is this inconsistent with the 
hypothesis that the small accidents we are considering here are 
really any index to the personal liability to more serious accidents ? 
Not necessarily, as it is possible that relatively more of the old 


1 See next section. 

2 " To lessen the risks of boys entering the pits an attempt is being 
TTiqHft to arrange that they shall be educated in mining dangers in them 
last year at school, and at evening classes after they have left school. In 
this the industry has the help and support of the County Mining Education 
Organisers, who are in touch with the Mines Department, p. 35, Third 
Annual Report of the Secretary for Mines (for the year 1923), Mines 
Department. 

® Health of the Industrial Worker. 

4 The Mortality of Men in Certain Occupations/' Supplement to 
75th Annual Report of the Registrar-General. 
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men die from accidents, not because they really have more 
accidents, but because they are less likely to recover from them 
than a younger man would be. We have made a rough test of 
this with the 17 large occupational groups referred to above. 
The deaths in each of these groups are given in 8 age classes 
from 15 years upwards, and the death-rates in these classes were 
found both for accidents and for all other causes (see Table XII). 

To make these observations homogeneous as regards death- 
rates from one occupation to another, a standardised^ death-rate 
was found in each occupation for both accidents and for other 
causes. Each age group rate both for accidents and for all 
causes was then expressed as a ratio of the corresponding stan- 
dardised rate for the same occupation^. In spite of the want of 
strict linearity, a high positive correlation appears between these 
" corrected ” accident death-rates and age, but when the death- 
rate from other causes is kept constant the correlation between 
accident death-rates and age becomes negligible, though not 
actually negative. 

Correlation Coefficients. 136 Observations (17 X 8). 

Age and accident death-rate (corrected) . . ‘627 ± *035 

Age and all other causes rate (corrected) . . ‘764 ± *024 

Accident and all other causes (corrected) . . *770 ± *024 

Age. and accident death-rate keeping all 
other causes death-rate constant .. *093 ± *057 

Hence it appears quite possible that the accident death-rate 
course may be partly explained rather by the increased ‘‘ tendency 
to die among older people than by an increased '' tendency to 
have accidents."' 

A perhaps more convincing illustration of this possibility 
is given by the accident incidence in the well-known Leipsic 
Insurance Experience.^ The risk of accident may be so different 
at different ages, even when the occupations are divided with as 
much detail as these data allow, that no interpretation can be 
made of the accident rates themselves at ages without much 
more knowledge of the working conditions. Out of the twenty- 
four chief occupations, roughly half show a tendency for the rate 
to decrease with age and half do not, so that in any case these 
rates would be inconclusive. They do, however, give us an 
opportunity for studying the variation with age of the number 
of compensated accidents to each death by accident [see last column 
of Table XIII). 


1 The standard population used was that obtained by taking the sums 
of the actually observed populations at ages in the seventeen groups used. 

® Or, in other words, the standardised rates were equalised from occu- 
pation to occupation. 

»Krankheits und Sterblickheits Verhaltnisse in der Ortskranken- 
kasse fur Leipsic und Umgegend.** 
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Cause. 

Accidents . 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents . 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents . 
Other causes 
Accidents . 

Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 
Accidents 
Other causes. 


Years of 
Life. 

862,977 

54,765 

1,259,322 

579,759 

455,166 

373,368 

383,619 

343,359 

3,008,970 

2,700,951 

623,118 

2,582,493 

325,047 

315,999 

238,974 

261,720 

166,029 


(49) Iron and steel manufacture ; iron, 
gocxls makers. 

(52) Nail, bolt, lock, key makem 

(45) Engine, machine, boiler-makers, 
fitters ; millwrights. 

(109) Shoe-makers’.. 

(108) Tailors 

(117) Bakers, confectioners 

(113) Butchers 

(94) Printers 

Group of labourers 

Social Class VII (Miners) i 

{36g) Coal miners (Monmouthshire and 
South Wales). 

(36) Ckjal miners 

(27) Seamen, etc., merchant ser\dce 

(29) Dock labourers, wharf labourers .. 

(21 and 22) Platelayers, gangers, packers, 
and railway labourers. 

(98) Wool, worsted manufacture 

(92 and 93) Stationery, envelopes, card- 
board box, etc., manufacture, and 
dealers in paper prints, books and 
stationery- 

1 

i 

a 

1 

1 

iS 



Table XIII. — Accident Rates at Ages. 

Rate per 100,000 male compulsory members observed for one year?- 


Leipsic Experience. 


Age. 

Rate of Accidents 

Rate of Deaths 

No. of 

A ccidp^i^ 

Class. 

of all Kinds. 

from Accidents. 

one Beat} 

Under 15 

14,319 

17 

842 

15-24 

10,173 

34 

299 

25-34 

8,629 

41 

211 

35-44 

10,022 

72 

139 

45-54 

10,527 

98 

.107 

55-64 

10,269 

117 

88 

65-74 

9,789 

233 

42 

75 and over 

6,885 

313 

22 


Total actual number of accidents = 921,862. 


Another example is given by Belgian^ figures for compensated 
accidents, though the differences between the ages are not so 
great here as only accidents causing at least twenty-nine days 
incapacity are included.^ 


Table XIV. — Compensated Accidents in Belgium, 1912 and 1913. 


Age 

Class. 

Accidents giv- 
ing Temporary 
Incapacity for 
29 Da3’'s at least, 
(a) 

Accidents 
giving Per- 
manent In- 
capacity. 

(b) 

Number of 
Deaths from 
Accidents. 

(C) 

Number of 
Accidents to 

1 1 Death. 

u h 

c 


1912. 

1913. 

1912. 

1913. 

I 

1912. 

1913. 

1912. 

1913. 

Under 15 . . 

654 

713 

157 

163 

18 

14 

45*0 

62-5 

15-20 .. 

2,164 

2,141 

452 

516 

70 

67 

37-3 

39-7 

20-30 .. 

3,295 

3,295 

793 

832 

119 

117 

34'4 

35*3 

30-40 .. 

3,171 

3,181 

844 

745 

119 

123 

33-8 

31*9 

40-45 .. 

1,373 

1,376 

320 

336 

49 

48 

35-0 

35*7 

45-50 .. 

1,161 

1,132 

285 

276 

57 

51 

25*4 

27*6 

50-55 .. 

934 

919 

214 

225 

45 

37 

25*5 

31*0 

55-60 .. 

676 

656 

169 

152 

25 

41 

33*8 

19*7 

60-70 .. 

583 

621 

156 

151 

34 

38 

21-7 

20*3 

70 and over 

90 

86 

26 

26 

7 

10 

16-6 

11*2 


^ The male voluntary members and the women do not give enough 
deaths for a reliable comparison in their case. 

^ Annuaire Statistique de la Belgique for the year 1922 (published in 


^ The practical difficulties of making any comparisons between different 
sets of industrial accident statistics are obvious. A useful summary of 
methods of definition, classification and compilation in different countries 
of the various frequency and severity rates in use, and of various schemes 
suggested for standardisation of accident statistics will be found in 
Methods of Statistics of Industrial Accidents.*’ International Labour 
Office, Geneva, 1923. The standardised system of records recommended 
by the National Safety First ” Association is described in their Pamphlet 
No. 2, ** Accident Statistics. A Standardised System.” 
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These figures show quite clearly that the variation of the 
accident death-rate with age is no guide to the course of the 
accident incidence-rate with age, and it seems probable that the 
less serious the accidents included, the greater would be the differ- 
ence between old and young in the number of accidents to one 
death. The number of days' incapacity from accident per year 
is an equally unreliable index of the actual numbers of accidents at 
different ages, and so of the accident tendency. Dr. Vernon^ 
found that in different classes of iron and steel workers the 
number of days' absence per year for compensated injuries 
increased with age, but it is as true of accidents as of illness that 
the average duration of a single case increases with age — ^the 
following figures from the Leipsic Experience quoted above 
illustrate this : — 


Table XV. 

Average Duration of Results of Injuries in Days, 


Leipsic Experience. 


Age Class. 

Men. 

Women. 

Compulsory 

Members. 

Voluntary 

Members. 

Compulsory 

Members. 

Voluntary 

Members. 

Under 15 

16*7 

22*7 

17-3 

11*7 

15-24 

15*6 

21*4 

17*9 

22-7 

25-34 

17*4 

21*3 

21*3 

26*3 

35-44 

20*3 

24*6 

22*9 

28*5 

45-54 

23*9 ! 

30*4 

24*7 

28*8 

55-64 

27*1 

36*7 

26*6 

33*7 

65-74 

33*0 

44*1 

41*5 

36*8 

75 and over 

38*6 

48*3 

47*8 

97*0 


The same tendency can be illustrated by the Swedish official 
figures.* There is therefore no necessary contradiction between 
our results of a decreasing rate of trivial accidents with age, and 
the higher death and invalidity accident rates generally observed 
among older workers. 

6. — Relation of Accidents to Sickness. 

That accidents are not independent of the general state of 
health seems a natural h3T>othesis. We have tried to get some 
measure of the association, but here again the inadequacy of our 
measurable indices is very obvious. 


1 Fatigue and Efficiency in the Iron and Steel Industry. 1919. Report 
No. 5. Industrial Fatigue Research Board. 

* " On voit one le nombre des casd’invali(iit6 en % detous 1 m accidents 
progresse toujours avec I’dge.” Olycksfall I Arbete Ar 1921 s verges 
officieUa statistik. 
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m 

In some of the factories dealt with, no sickness records of 
any kind were available, in others we have obtained individual 
records of time lost owing to sickness, and in places where there 
was a good ambulance room and where the habit of reporting 
minor ailments was encouraged, we have used the records of all 
such cases during the periods of observation. This last^ is 
perhaps the better index of the two for our purpose, since the 
periods are in some cases too short for the time absent from 
illness to be a reliable measure, and also absence entails less time 
of exposure to risk of accident, so that correction for the latter 
would to some extent wipe out also the variable under examination. 

Minor sicknesses reported in the ambulance room are generally 
too vaguely described for any useful classification to be made ; 
as a rule they do not entail absence from work for more than a 
few minutes to an hour or two, or the remainder of the shift. 
The most frequent entries are headache, colds, chills, indigestion, 
faintness, biliousness, abdominal pains, sore throat, toothache, 
etc., or simply the all-covering label '' not well.” The mean 
numbers of such visits per person and their variability in the six 
groups of men and six of women for which data were available 
and appeared reliable are given in Table XVI. The variability 
is naturally very large. Here, even more than with accidents, 
does the question arise, as to how much of this is '' tendency to 
be sick ” or how much ‘‘ tendency to report sickness.” Clearly 
we cannot give a definite answer and no doubt some cases occur 
of workers who keep their minor ailments to themselves and are 
unwilling to leave their work unless obliged to do so. On the 
whole, however, the impression gained was that the habit of 
going to the ambulance room for these ailments varied much 
more from one factory to another or from one department to 
another than among the workers in any department where the 
habit spreads naturally, and only those departments were used 
where it seemed best established. 

Our data give a quite definite positive association between 
the number of accidents an individual has had and the number 
of visits to the ambulance room for minor sickness. This is 
shewn graphically by the regression straight lines in Graphs V 
and VI, and where accidents and sickness always increase 
together, and numerically by the correlation coefficients in Table 
XVII. The average value of the correlation for both men and 
women is of the order -3, and it is noteworthy that Factory A, 
where acc dent reporting is strictly kept up to the mark, gives 
some of the higher values, which suggests that an explanation 
of the association by the hypothesis that the. ” tendencies to 
report ” accidents and sickness go together, is not a complete 
one, and that there probably is some real association in the 
incidence. The size of the coefficient obtained depends on the 

Denoted in the Tables " Ambulance Koom Sickness or Sickness 
A.** 





HoNzonts/ Sc3/e No: of S/ckt 

( Ltft Hand 
\Right Hand 

f a Obsenved No: of 


Ventfca! Sca/es 




Table XVI .' — Sickness A (i.e.. No, of Ambulance Room Visits, excluding Accidents). 
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scope of variation in the accidents and is larger in departments 
where more accidents occur (see the order of the three groups 
of Factory A), so that longer periods would probably have given 
still higher values.^ 

The suggestion from the figures (and it seems a natural one), 
is, that so far as these small ailments are a measure of lower 
general health — and this might be true of the '' tendency to report 
sickness just as much as of the tendency to be sick” — the 
tendency to accidents is associated with such a state. The 
relation of these small ailments to age or length of service is 
very slight and only significant in two or three cases (see 
Tables XVlII and XIX), but any relation there is is an inverse 
one, i.e., they are rather more frequent among the younger workers. 
The general experience of illness causing absence is for the actual 
time lost to increase with age, but the case rates do not always 
foUow the same course, for instance, in an analysis covering five 
years’ sickness experience, the Edison Electric Illuminating 
Company of Boston^ found that their case rates decreased 
progressively with age, and it was especially in the single day 
absences that the excess of the youngest group was most marked, 
while 'in those of over ten days the oldest group led. It may 
be that part of this is due both here and in our data to a greater 
readiness to give in to small ailments and to seize an excuse to 
leave work among the younger workers. 

For reasons given above, recorded sickness absence does not 
seem, in our case, to be a good measure of ill-health, but the 
figures are given for what they are worth in Table XX,® and their 
coefficients correlation with accidents in Table XXI are on the 
whole practically negligible. 

In order to avoid the fallacy of longer absence from sickness 
entailing less opportunity for accidents, we have in three Groups 
I, II and V of Factory M been able to obtain the sickness records 


1 Both the accident and the sickness distributions were of the J form, 
with the greater proportion in the zero group in both cases. Although 
we could find no theoretical justification for the suspicion, we wondered if any 
of the positive correlation between accidents and minor sickness might be 
spurious and due to the heaping up in the o o cell owing to the shape of 
the distributions. We tested this numerically by correlating in Factory A, 
Group II, the number of accidents suffered by each man witli the number 
of sickness visits to the ambulance room of the ninth man after him in 
alphabetical order of surname, and the result was v ^ — -028 + *036, 
which showed that the suspicion was unfounded. 

2 Journal of Industrial Hygiene , VI, 3 July, 1924. “ A Five Years 

Sickness and Accident Experience in the Edison Electric Illuminating 
Company of Boston,^' by Clarence Oldo Sapington, A.B., M.D. t 

» Tbe warning we have given above against using tlie floras in Table I 
to make comparisons between factories with regard to accident incideime 
applies with equal force to the incidence of sickness, whether measured by 
ambulance room visits or by absence from illness. A high average of 
sickness absence may be due to exceptional care shown by the firm for the 
health of its workers, in convalescent benefit schema or other ways. 

C2 

(1S620) 
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Table XIX.— Correlation Coefficients— Sickness A and Experience. {Length of Service.) 




Absence from Sickness in the Various Groups, 

Sickness Absence (No. of Days Absent). 
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{a) Denotes sickness absence m the same period as the accidents (1923). 

{b) Denotes sickness absence in the two years before the period of observation of accidents (1921 and 1922) o 
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for two years previous to the time of observation for accidents 
( (6) in Table XXI). In two groups the correlation is negligible, 
in the other it is -206 ± -067, i.e. small but positive and significant, 
when the time of exposure for accidents is kept constant, so that 
this result is quite inconclusive. On these figures, too, no strong 
tendency is shown for people who are absent much in one period 
to be also absent in a previous period, but the data are hardly 
wide enough for any result to be expected. 


Table XXIL — Correlation Coefficients between Absence from 
Sickness in two periods. 

Males. 


Factory. 

Group. 

No. of Days lost by Sickness in 1923 and No. 
of Days lost by Sickness in 1921 and 1922. 

Total. 

Keeping constant : — 

Age. 

M .. 

I. 

•112 ± -038 

•Ill ± -038 

M. . . 

11 . 

•104 ± -034 

•112 ± -034 

M .. 

V. 

•0034± -070 ! 

— — 


* 

Table XXIIL— Correlation Coefficients between different Measures 

of Sickness, 




Total CoefScients. 

Factory. 

Group. 

Accidents 
and No. of 
times absent 
Sick. 

Sickness A 
and No. of 
times absent 
Sick. 

Sickness A 
and No. of 
days absent 
Sick. 

A .. 

I. ’ 

Males. 

■098db*047 1 

•442±-038 

•259±-044 

A .. 

11 . 

_.006±-036 

•420±-030 

•314±-032 

A .. 

III. 

•026±-039 

•463±-030 

•164 ±-038 

D .. 

I. 

Females. 


•475±-105 

D . . 

II. 



— 

•308i:-062 

M .. 

I. 

— 


•004 ±-035 


7.— Relation of Accidents to Output, Etc. 

Most of the existing studies of accidents in relation to output 
deal with the secular variations in the mean numbers of accidents 
in a group of people taken as a whole as the average output varies, 
and it is usually found that there is a rise in the curve of accidents 
as the output rises ; though this is not always easy to interpret, 
and is often complicated by the taking on of new workers at such 





52 




53 


times and by the possible effects of fatigue, etc. Our method 
here is a different one ; we have tried to get an average measure 
for the output of each individual in the group over the whole 
period of observation, and compared these figures with the numbers 
of accidents suffered by that individual. In only three cases (all 
referring to women) was it possible to get comparable figures for 
output. Those used are deduced from weeldy wages with some 
necessary corrections for overtime and for increases with age. 

We have included some additional figures relating to women 
munition workers obtained during the war by Miss C. Allen and 
myself. '' None of the correlation coefficients are significant, and 
they are not consistent in sign (though, on the whole, the negative 
sign prevails), so that no association can be inferred from these 
figures. In other words, in these samples, which are both few and 
small, the better workers (so far as this can be judged from their 
piecework wages) sometimes have more and sometimes fewer 
accidents than the others. 

The only other personal record of any kind generally kept for 
factory workers is that of punctuality in attendance. This also 
shows no consistent relation with the incidence of accidents ; the 
correlation co-efficients were all small and not consistent in sign, 
hence they have not been reproduced. 

8. Corrected Distribution, 

We have seen that much of the individual variation shown in 
the incidence of accidents is not due to chance, and though 
differences in work conditions may account for some of this, the 
associations found with age and minor sicknesses show that parti 
at any rate, of the tendency is personal. If the part that is 
associated with these two factors can be so definitely demonstrated, 
it seems probable that other personal factors play a large part too. 

In comparing the observed with the theoretical chance 
distributions, we corrected for differences of risk in the work, 
as far as was possible, by taking the sum of separate Poisson 
series for each department ; we can now go a step farther by 
making a rough correction in the observed distribution for age 
and for sickness tendency " as measured by ambulance room 
visits. For this test. Group II of Factory A was chosen, partly 
for its size (352 males) and partly because the linear relation 
between the number of accidents and the other two factors was 
more definite here than in many of the other groups. 

By means of the partial regression equation^, the theoretical 
value of each man's accidents was found from his age and sickness 
visits, and the excess of the corresponding observed value over this 


^The equation is ” '6397 — *0981 5*7587, where % = 

number of accidents, x^^ = number of sickness visits, x^ = age m years. 
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Table XXV . — Distribution of Accident Frequencies “ Corrected” 
for Age and “ Sickness Tendency.” 

Factory A. Group II. Males. 



(i) Uncorrected. 

(ii) Corrected. 

Observed. 

Fitted to 
Single 
Poisson. 

Fitted to 
Sum of 
Poissons 
by Depts. 

Observed 

Fitted to 
Single 
Poisson. 

Fitted to 
Sum of 
l^oissons 
by Depts. 

0 

86 

4*9 

8*9 

116 

21-2 

23-6 

1 

36 

20*9 

32-0 

46 

59*6 

61*5 

2 

34 

44-6 

58*1 

44 

83*7 

82*2 

3 

51 

63*7 

71*1 

31 

78*4 

75*1 

4 

35 

68*1 

66-2 

39 

55*0 

52-9 

5 

25 

58*3 

50-0 

23 

30-9 

30*7 

6 

17 

41-6 

32-0 

13 

14-5 

15*3 

7 

17 

25-4 

17*9 

8 

5-8 

6*7 

8 

11 

13-6 

8*9 

7 

20 

2*6 

9 

7 

6-5 

4-0 

9 

•6 

•9 

10 

12 

2*8 

1*7 

5 

•2 

•3 

11 

4 

1*1 

•6 

3 

— 

•1 

12 

4 

•4 

•2 

1 

— 

— 

13 

1 A 

4 

•1 

•1 

_! 

— 

— 

15 

2 

1 1 

1 

2 



— - 

16 ! 

17 

18 

19 

on 

2 

2 

1 

— 

— 

1 

— 


21 

22 

23 

24 

25 

26 

27 

28 

OQ 

1 

— 

— 

1 

— 

— 

30 

31 

32 

33 

34 

1 

— 

— 

1 

— 

— 

for 9 groups, 
grouping all Nos. 
over 8 accidents. 

H 

B 

— 

1,140 

821 


theoretical number was added to (or the defect subtracted from) 
the mean number of accidents for a man aged 34, who had no 
sickness visits (34 being the mean age of this group), and the 
nearest whole number taken for the number of the man’s accidents 
(negative values were all treated as zero, i.e., put in the group 
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lound the correlation between their accidents in two successive 
five months’ periods to be •61J;-02. We tested this figure for 
possible spurious correlation due to combining operations by taking 
four smaller samples from them, each homogeneous in itself, 


* 

Correlation 


Coefficient. 

29 women on rough turning 

•71±-06 

17 women on parting ofi. • 

•56±-07 

30 women on groove and bead . . 

•56i-07 

54 women on boring 

•04±*-09 


Another test was made by combining these 150 women, using 
instead of each woman’s actual number the ratio of this to the 
mean number in her operation and period ; the result was 
•59j^‘03, hence showing that the correlation was not spurious. 
Coefficients of the same order were found for 39 women on parting 
off during a six months’ period between the accidents in morning, 
afternoon and night shifts. Two of these groups of munition 
workers, those on profiling and rough turning, were particularly 
liable to have accidents from flying particles of hot metal, which 
caused either eye accidents or burns on the face or other exposed 
parts of the body. The following correlations between these and 
other types of accidents’- among 64 women in two successive 
periods of seven months and three months show indi-vidual 
susceptibility also in this particular type of accident which 
might at first sight be thought to be entirely of chance origin. 
In this particular munition factory great strictness was observed 
with regard to accident reporting. 

Coefficients of correlation between the incidence on the 
same individuals of — 

(1) Accidents due to fl 3 dng particles in the 

two periods -59 ±‘06 

(2) Other accidents in the two periods .. -38 ±-07 

(3) Accyients from flying particles in period A 

and other accidents in period B . . -Sfli -06 

(4) Other accidents in period A and accidents 

from flying particles in period B . . • 32 ± • 08 

The stability of susceptibility from one period to another is on 
■the whole confirmed by our present data. We have only ’used 
for this p-urpose the groups covering the longer periods of 
observations. 


* Correction -was made for varying numbers of hours -worked. 
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Table XXVI. — Correlation coefficients between the accidents of 
the same workers in two periods. 


Factory. 

Groups, 

Correlation 

No. of 

Length of periods 



Coefficient . 

People. 

{a) 

{h) 

D 

I Females 

•21±*15 

19 

2 years 

5 months 

D 

II Females 

•36±-09 

42 

2 years 

5 months 

E 

1 Males 

•57db-02 

445 

1 year 

1 year 

E 

II Males 

•25±-04 

288 

1 year 

1 year 

E 

III Males 

‘62±*03 

226 

1 year 

1 year 

E 

IV Males 

•20±-04 

288 

1 year 

1 year 


I Males 

•36±-09 

47 

1 year 

1 year 

G 

II Males 

•57rfc;-05 

82 

1 year 

1 year 

G 

I Females 

*53±*04 

120 

1 year 

1 year 

G 

II Females 

-•01±.10 

50 

1 year 

1 year 

H 

Females 

•05±-05 

227 

6 months 

6 months 


Only the last two of these groups failed to show positive 
association, and these are among the females who give smaller 
values in all our correlation tables owing to the fact that 
they have on the whole fewer accidents in the periods 
observed, so that there is less scope for variation. It is of 
course true that in these data the possibility of spurious 
correlation due to some amount of varying risk is present and 
cannot be avoided, but in four groups^ of Factory M, two 
of men and two of women, we had an opportunity of testing 
the stability without this complication. In these groups, some 
of the workers were treated at the ambulance room for 
accidents received at home, and the number of any individual’s 
“ home accidents ” shows a positive correlation with the mnnher 
of his or her factory accidents, see Table XXVII. The cor- 
relation is positive in all four cases and of the order -2 to -3. 

" Tendency to report ” might, of course, play some part 
here, too, and no measure of this can be obtained. Another 
possibility that suggested itself for this correlation was that the 
home accidents might only be treated when the worker happened 
to be in the ambulance room for some accident received in the 
factory, but comparison of the dates show that this is not the 
case. The same people who are unfortunate in the factory 
seem also to be unfortunate at home. This is only in accordance 
with ordinary experience, that though there may often be some 
element of truth in the excuse “ the knife slipped ” or “ the plate 
came to pieces in my hand,” there is usually a much larger 
element of truth in the statement that there are some people 
in whose hands knives and plates are more likely to do this 
than in those of others. 


1 In the other groups of this factory the number of home accidents was 
jiot large enough to deal with. 
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10. — Minor Accidents as a criterion tor Major Accidents. 

It may be objected that the trivial accidents dealt with here 
are no criterion for the incidence of more serious accidents. 
Since any minor accident, however small, might by a very small 
alteration in attendant circumstances or subsequent treatment 
become a major accident, there seems to be some a priori grounds 
for supposing that the individuals who are more liable to small 
accidents are also more liable to more serious ones. Unfor- 
tunately, in the present data the number of more serious accidents 
(which for present purposes we have defined as accidents causing 
lost time), is so small in the periods observed that they give no 
definite statistical evidence on this point, so that, until more figures 
are available, it must remain mainly a matter of opinion. Mr. 
Farmer has, however, collected a large amount of material from 
dockyard accidents on this question which he is now analysing. 

11. — Night and Day Work, Etc. 

Our primary object in collecting the present data was to 
study individual differences and throughout the whole of this 
work we have looked on each group as a unit in itself, and 
purposely avoided making any direct comparisons from group 
to group owing to differing conditions from one group to another. 

There is, however, one pair of groups (Factory M, Males, 
Groups I and II) which are directly comparable as they were doing 
the same work and were observed for the same period ; Group I 
being on the day shift and Group II on night shift, so that they 
afford a comparison of accidents on day and night work at the 
same occupation. There is no significant difference between 
either the mean number of accidents per person or their variability 
(Mean of Group I == 3*94 + *14 and Group II = 3-98 ± -14, 
Standard Deviation of Group I = 3-84 ± -11 and Group II = 
3-75 ± -09). 

The set of men on the day shift, were, however, about eight 
years younger on the average than those on the night shift, 
though their length of service in the factory was practically the 
same. If we give the association between age and accidents its 
mean value for these two groups, we should expect the mean 
number of accidents to be about *6 less in the older group, sO' 
that what tendency there is, is for a very small increase in acci- 
dents during the night, but it is not large enough to be of any 
importance, so that in this case, the forces tending to higher 
accident rates at nights are about equally balanced by those 
tending to lower. The values of the different correlations are 
also about the same in the two groups. 

We have not been able to make comparison between the 
married and single women, as practically the bulk of women 
workers were unmarried, and the married and widows were too 
few in any group to make comparison valid. 



The data are not really suitable for studying seasonal variations 
and were not collected for this object, but in case anything 
definite of this sort was to be detected, we have arranged the 
accidents into half-monthly periods according to the calendar 
month, but they do not show any consistent variations that 
cannot be accounted for by holidays, etc., so that the results 
are not reproduced here. Since the seasonal character of sickness 
in general is a definite and well-established fact, any similar 
tendency in the incidence of accidents might lead to a group 
correlation between sickness and accident rates. In the present 
data, however, the correlations found are individual ones in which 
all the individuals within a single group were observed over the 
same period of the year, so that the correlations found within 
the groups cannot be due to any latent seasonal current in the 
accidents. 


12. — ^Summary and Conclusions. 

(1) The reported ambulance-room accidents (whether trivial 
or serious) have been examined in a number of groups of factory 
workers covering different occupations, for periods of time 
varying from three months to two years. 

(2) It is found that in almost all the groups the average 
number of accidents is much influenced by a compeiratively 
small number of workers, and that the distributions among the 
•workers are far from chance ones. 

(3) It is not possible in a mass examination of this kind to 
find how much of this may be due to individual differences in 
the conditions of work or how much to personal tendency, but 
there are many indications that some part, at any rate, is due to 
personal tendency. 

(4) A table is given (Table VII) by which a rough estimate 
can easily be made from the accident records of a department, 
whether the causes of accidents are mainly such as affect all 
the workers alike, or whether special risk is attached to any 
individuals. It the latter is the case, it rests in the hands of the 
factory officials, familiar with all the conditions of the work, to 
see how far the cause is mechanical or personal. 

(5) Typical accident distributions are described and fitted 
to some theoretical curves based on different h 3 ^o theses. The 
hypothesis that the occurrence of one accident makes the 
occurrence of others either more or less likely does not fit these 
observations. The particular hypothesis tested of differing 
initial individual susceptibility is nearer the truth, but clearly 
other factors come in. 

(6) There is a tendency for the number of accidents to 
decrease to some extent with age, and apparently also, though 
to a less extent with length of service in the factory, but when 
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allowance is made for age, there is no independent association 
between experience and accidents ; while when allowance is made 
for experience, the association between accidents and age 
remains. 

(7) A decreasing accident tendency with age towards serious 
accidents is shown not to be necessarily inconsistent with the 
known higher accident mortality and invalidity rates among 
older workers, but the present data do not include enough 
serious accidents to establish any relation between the tendencies 
to trivial and to serious accidents. 

9 

(8) The people who have the most accidents are, on the whole, 
those who pay naost visits to the ambulance room for minor 
sicknesses. 

(9) The consistence of individual tendency to accident is 
shown by the association found between (1) accidents in two 
different periods, (2) accidents of one type and accidents of other 
types, and (3) accidents in the factory and accidents at home, 

(10) No consistent relation is shown between accidents and 
output in the few cases where output records were available. 

(11) The above tendencies are shown by men and women 
alike. 

(12) In the one group of males, where comparison between 
night and day work was possible, no difference of any 
importance was observed in the accidents. 

(13) The indications of individual differences seem to be 
defmite enough to justify the further more detailed investigation 
on the lines of individual study and experimental psychology 
which is noyv being carried on, rather than on the lines of the 
present report. The present results show that it is clearly 
necessary in such study to take age and health into consideration. 

We should again like to acknowledge the obligation we are 
under to those firms who have co-operated with us in this 
enquiry, and to thank both the managements for their interest 
and the facilities given us, and for reading the proofs of the 
reports which were submitted to them for criticism, and also the 
various members of the factory staffs who have helped us both 
by keeping the records and by the suggestions and information 
they have so readily given. 
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APPENDIX 1. 

General Form of the Accident Distributiom. 

As examples of the general forms of the distribution curves of accidents, 
the higher moments and the constants and are given in Table XXVIII 
for some of the larger factories and groups. None of these are pure 
groups, all devoted to one single occupation, but I think they can be taken 
as fairly representative since it would not be easy from ilispection of 
Graphs I and II to pick out the composite groups from the pure ones. 

For Factory A and its groups the crude moments are compared with 
those corrected by Pearson's “ abruptness coefficients." The material 
does not seem very suitable for the use of these corrections as the fifth 
order differences are large, and the exactness of the method depends on 
the fit of a fifth order parabola to the initial frequencies. If this fit is 
bad, absurd results can be obtained when very small subfrequencies are 
used. In the case of Factory A, the alterations made by the corrections 
are unimportant. Tins is probably due to the fact that no smaller sub- 
groupings are available for the initial frequencies. Hence, for the other 
factories, no corrections have been made. 

Two of the largest distributions — ^those for the whole factory, males, 
in Factories A and E — have been fitted by Pearson's frequency curves. 
The values of the j5's in E are very high (jSj = 21 • 84, = 38 * 55) and hence 
have very large probable errors, so that the constants are unstable, and in 
both cases the curves cannot be regarded as anything more than moder- 
ately poor smooths of the particular cases. The values of the f's are not 
such as to bring either of the curves into the heterotypic area ; Factory A 
is aT3rpe I(J), i.e., a J curve of limited range, and Factory E a Type V1(J), 
i.e., a J curve of unlimited range. If we fit these curves in the usual way 
by four moments, placing the curve down on the histogram so that the 
means coincide, then the start, i.e., the infinite ordinate, will not coincide 
with the left-hand boundary of the first frequency block of the liistogram, 
in both cases the theoretical curve start comes a little to the right of this 
bounding line ; if on the other hand we put the curve down so that the 
start comes in the right place, the means will not quite coincide, the observed 
distribution having the higher mean in each case (the difference is • 1751 
accidents in the case of A, and -6244 accidents in the case of E). 
Since it seems reasonable to consider the start of the curve known, and 
also desirable in fitting by moments to make the means coincide, both 
curves have also been fitted by making both the means and the starts 
coincide and using only three moments instead of four. The results of 
all three methods are given in Tables XXIX and XXX, and the graphs 
of the third method in the lower figures in Graph VII. The fits are not 
very good in either case, but considerably better in Factory A than in 
Factory E. In both cases the third method (using only three moments 
and putting both mean and start together) is the best as judged by the 
Goodness of Fit Test for 15 or 14 groups, though in A the value of P is 
practically identical with that using moments up to the fourtli and equating 
the starts. 

Of the two methods of placing the curves when four moments are used, 
in Factory A we get a better result by superimposing the starts, and in 
Factory E by superimposing the means. Both from the Goodness of 
Fit Test and from consideration of the high probable errors of the higher 
moments the third method seems preferable. 



Table XXVIII. — Constants of Distributions of Accidents. 
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Corrected by Pearson’s “ abruptness coefficients.” 
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Table XXIX.— P'flCifoo' A [Whole Factory). Fitted to Pearson’s 

Type I Curve. 


No, of 
Accidents, 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Over 18 


Observed, 


Calculated Calculated Calculated 

“A.'' ‘'B/* “ C. 


231-18 



202-49 


203-60 


132-93 



141-48 


134-66 


98*48 



103*33 


102*88 


76*31 



79-64 


80-78 


60*37 



62-83 


64-26 


48*33 



50-22 


51-50 


38*98 



40-46 


41-48 


31*61 



32-78 


33*- 53 


25-72 



26*66 


27-17 


20-98 



21-74 


22-06 


17-15 



17-77 


17-94 


14*041 
11*51 J 

>25- 

55 

14-541 
11-91 J 

^26-45 

14-6n 

11-91! 

|.26-52 

9-431 
7-74 J 

^17. 

17 

9*77 1 
8-01 J 

[>17-78 

9-721 
7-93 J 

^17-65 

6-351 

1 


6-581 

1 

6-481 

1 

5-21 1 
4-28 1 

.19. 

35 

5-40 1 
4-43 1 

^20-05 

5-30 1 
4-33 1 

j. 19-65 

3-51 

1 


3*64^ 

1 

3-54^ 

1 

15* 88" 



16-32 


16-34 



Total 860 859-99 


860-00 


860*02 


Goodness of 
Fit Test. 

(15 groups) P 


25-85 


33-72 25-82 


-0272 


•00489 -0274 


A ’’ is calculated from the curve — 

--- 90 ~ -244382 37-745936 

3 ; == 10 X 4213 -6295^? (223-13167 - x) 


‘whose constants are derived from equating the first four moments^ about 
the mean, but the curve is put down on the observed liistogram so that 
the start of the curve (i.e., the infinite ordmate) coincides with the beginnmg 
of the first frequency of the histogram. The means do not then coincide, 
but are at a distance • 175067 accidents apart (the observed curve having 
the higher mean) . 


B is calculated from the same curve whose equation is given above, 
i.e., usmg the moments^ up to the fourth, but the curve is placed on the 
histogram so that the means coincide. The start of the calculated curve 
(i.e., the infinite ordinate) is now at a distance • 175067 accidents to the 
right of the beginnmg of the first frequency of the histogram. 


“ C '' is calculated from the curve — 

- 1690 - - 14734345 474 - 508446 

y = 10 X 2-415582;^ (2482-3841 - x) 

#> 

whose constants are found from making both the starts and the means of 
the two curves coincide and equating also only the first three moments^ 
about the mean. 


^ Moments used have been corrected by abruptness coef&cients. 




Table Factory E {Whole Factory), Fitted to Pearson^s 

Type VI Curve. 


„No, of 
Accidents, 

, Calculated 

Observed. ** A 


Calculated Calculated 

0 

1888 

2609*17 



2127*91 

\ 1830*35 


1 

779 

351*64 



633*57 

705*97 


2 

343 

191*56 



272*21 

383*38 


3 

187 

121*17 



159*47 

226*54 


4 

108 

82*27 



104*12 

141*13 


5 

93 

58*26 



71*98 

91*44 


6 

51 

42*44 



51*58 ■ 

61*14 


7 

32 

31*57 



37*90 

41*98 


8 • 

20 

23*85 



28*36 

29*47 


9 

27 

18*25 



21*54 

21*41 


10 

11 

151 


[-25 • 

12 

16*55" 
12*84 j 


|»26-77 

12 

13 

13 1 
7j 



50 

10*05" 
7-92 j 

L17.97 8*55 

6*50 , 

j^l5-05 

14 


1 5-451 

1 


6*28] 

[ 5*00] 

1 

15 

16 

5 1 

,13 4-36 1 

>16- 

16 

5*01 1 
4*02 1 

>18*55 8 * 89 1 

3*05 

>14-36 

17 

ij 

i 2-83J 



3*24 J 

2*42j 


Over 17 

14 

14-02 



26*45 

12*02 


Total 

3601 3600-98 



3601*00 

3601*01 



Goodness of = 
Fit Test. 

(14 groups) P = 


911-46 102*79 38*99 

<*0000001 <*0000001 *000598 


** A ” is calculated from the curve — 

38 — 18*1109301 —*769133 

y = 10 X 1 • 770 - 90 * 68177) 


•whose constants were derived from equating the first four moments^ about 
the mean, but the curve js put down on the observed histogram so that 
the start of the curve (i.e., the infinite ordinate) coincides with the beginning 
of the first frequency of the histogram. The means do not then coincide 
but are at a distance *62437 accidents apart (the observed curve having 
the higher mean). 


B is calculated from the same curve whose equation is given above, 
i.e., using the moments^ up to the fourth, but the curve is placed on the 
histogram so that the means coincide. The start of the calculated curve 
(i.e., the infinite ordinate) is now at a distance of *62437 accidents to the 
right of the beginning of the first frequency of the histogram. 


C is calculated from the curve — 

9 - 6*103978 --2666664 

y = 10 X 4*022517;»r (jir - 11*113079) 

whose constants were found from making both the starts and the means 
of the J:wo curves coincide and equating also only the first three moments^ 
about the mean. 


1 In this case “ abruptness " corrections were not used owing to the 
irregularity of the differences. 
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APPENDIX IL 

Note on the Coefficient of Vayiaiion. 

In most of the ordinary physical measurements the coefficient of 
variation is a satisfactory measure of variation in so far as it is an absolute 
number — independent of the unit of measurement — and so to some extent 
makes possible the direct comparison of the variability of magnitudes of 
different dimensions or kinds, such as height, volume, weight, etc. 
In our present case it has two drawbacks, both due to the imperfections of 
our measures, and of these the second is the more important. 

The first arises from the fact that, supposing the distribution of accidents 
among the population to be a chance one, if the period of observation were 
lengthened so that the mean number of accidents per person were doubled, 
the standard deviation (being V ni wdiere nz is the mean) would not be 
doubled, but only multiplied by V 2, so that the coefficient of variation m 
the longer period would be less than in the first, although the character of 
the population and conditions have not been changed. Hence the 
coefficients of variation in Table I are not comparable from group to group, 
being functions of the varying periods of observation. Each has to be 
considered in relation to the theoretical coefficient of variation given by 
the appropriate Poisson series. 

The second drawback does not arise when we look on the figures simply 
as numbers of accidents, but it does arise when we tr}^ to use thorn as 
approximate measures of an underlying quality — ^tendency to accident. 
Such a quality, in common with a great many other human mental or moral 
characteristics and some physical ones, has no absolute natural zero, or, 
at least not one on which we can lay a finger and take as an origin of 
measurement. According to our more or less arbitrary choice of zero, so 
will our coefficient of valuation differ in the same observations, since change 
of origin will alter the value of the mean but not of the standard deviation. 
Temperature is a physical example — ^the coefficient of variation of a set 
of observations, whose mean is 98° F. and standard deviation 12° F., is 
12*2 in the Fahrenheit scale, 18-2 in the Centigrade scale, and if absolute 
zero is taken, 2*2 in either Fahrenheit or Centigrade. 

Host, or perhaps all, mental and performance tests, examination results, 
ox indeed any of the various more or less inadequate measures, to wliich for 
want of something better we are at present limited in estimating human 
characteristics of a psychological nature, suffer from the fact that their 
zero is an arbitrary one imposed by the nature of the test, and does not 
in fact necessarily imply entire absence of the quality in question. Even 
the most ardent supporter of “Mental Tests,” or the most hardened 
examiner, would hardly maintain that a zero mark always indicates 
complete imbecility. A measure of the variability as well as of the average 
value of such qualities is often needed, and it is of importance to remember 
that in such cases, not only does the absolute value of the mean as usual 
depend on the unit of measurement, but that the coefOicient of variability 
has not such a definitely real meaniag here as m many physical measure- 
ments, but can only be interpreted m relation to the particular zero adopted. 

In the present case it is quite obvious that though the actual oocprrence 
of a reported accident in the period watched is the smallest unit practically 
available, the people who have no accidents are probably of very varying 
grades of aptness or carefulness, and that the “ margin of safety ” among 
them, whether mechanical or personal, may difier greatly from man to 
man. 
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APPENDIX III. 

Approximation to the Probable Error of Charlier's Coefficient of 
Disiurbancy, for the case when M. 

Q = V CF® — spo qQ where the symbols have the meanings explained 
Qii'p-p.2\etseq, 

When, as in our case, = y/M, so that sp^q^ = approx : 

^ = y/a® — M 


M 

log^e = i log (o® — M) — log M 

‘ *T ' 


26or<? — ^ . • J.' *1 

jjl ^ to a first approximation*^ 


(5e = 


(2Mff<3<j - M^M - 2 o 2(5M -f 2M($M) 


2M (a^ - M) 

- - ■^2Mada - (2a® - M) 


“ 2M (a® - M) 

... 5o2 = 4M® c® 3a® + (2o® - M)® 3M®} if we assume 

^ 4m^ (o2 — M) 2 L 

that there is no correlation between the mean and standard deviation.*® 

a® c5^ 

Taking mean values and putting ^ for and for 

/ 4M® (2a® - M)® g® \ 

L 2N N / 




^ 

' 4M® (a® - M)® I 2N 


**' ^ 2M (<y® - M) y/1 

But a® - M « M2p® 


4= 4 2M® a® + (2a» - M)® 
a® — m VN L 


“ 2M®e • Vn 


h .(^2M®a® + (2a® - M)® approx. 


*® It is probable that this approximation is not justified in some of our 
distributions, as where the numbers are not large both the mean and the 
standard deviation are subject to substantial variation, am me teras 
neglected are of weight. Since the conclusions deduced in the text Irom 
Table VI depend more on the general agreement in size of the values ot 
p than on their probable errors, we have not attempted to go beyond this 

approximation to the latter. -a.* 

*® In our case there is a positive correlation, hence the approximation 

is too large. 



68 


APPENDIX IV. 

Appvommaiion to the Probable Error for use with Table VII, 

Let N be the number of persons observ'ed. 

„ p be the proportion ot people in tlie zero group. 

„ be the theoretical mean deduced from p by Table VII. 

„ mho the observed mean of the accident distribution. 

„ o be the standard deviation of the accident distribution in the whole 
population from which the observations are a sample. 

We want to find 27, the standard deviation of the difference m — w', 
between the observed and theoretical means. 

^ <^m' + W 

Now ^ (ii) 


To get o„ 


— ~ to a first approximation 
■ fit ' — iL- 

* * ^ vn. ^ lo 


Taking mean values and writing^ for where = 1 ^ 

Wegeta„'* = ^ = X(iii). 

To get 

dm dm' = — 

P 

• • * m Wi. . 


But Oj, 


* by eqn : (ix), p. 278 of Biometrika II 




Substituting in (i) we get- 


a2 ^ q 

N N N^) 


27 = 


Probable error of the difference between the observed and theoretical 


We can approximate to cj^ by taking tlie observed standard deviation, 
or to get a rough result quickly, we can assume tliat the pure chance 
theory, i.e., the theory we are testing, holds, so that a® = m and the 

probable error reduces to — m^^or if percentage values are 

X , * -67449 / Q 

preferred this can be written V P ^ / where Q = 100 — P, 

It may happen that — — m is negative, if this is so it shows that the pure 
chance theory does not hold. 



Appendix V, 

Card used for the Collection of the Data, 
Front of Card, 







Appendix V. — cotM. 
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OTHER REPORTS OF THE INDUSTRIAL FATIGUE RESEARCH 

BOARD. 


These Reports can be purchased directly from H.M. STATIONERY 
OFFICE at the following addresses : — Adastral House, Kingsway, London, 
W.C.2; 28, Abingdon Street, London, S.W.l ; York Street, Manchester; 
1, St, Andrew's Crescent, Cardiff; or 120, George Street, Edinburgh; or 
through any Bookseller. 

The offices of the Board are unable to supply them directly. 


Applications by post to the above addresses should quote the description 
in full of the publications wanted, and should be accompanied by the price 
indicated in the list. 


* A . — General and Miscellaneous, 

First Annual Report to March 31st, 1920. Price %d. net. 

Second Annual Report to September 30th, 1921 (with Analysis 
of Published Work). Price Is. M. net. 

Third Annual Report to September 30th, 1922. Price 2s. net. 
Fourth Annual Report to December 31st, 1923. Price Is. 3d. net. 
Fifth Annual Report to December 31st, 1924. Price Is. 9d. net. 

No. 4. — The Incidence of Industrial Accidents, with special reference to 
Multiple Accidents, by Major M. Greenwood and Hilda M. 
Woods. Price 6d. net. 

No. 6.— The Speed of Adaptation of Output to altered Hours of Work, 
by H. M. Vernon, M D. Price Is. net. 

No. 12.— Vocational Guidance (A Review of the Literature), by 
B. Muscio, M.A. Price Is. net, 

No. 13.— A Statistical Study of Labour Turnover in Munition and other 
Factories, by G. M. Broughton, M.A., E. M. Newbold, BA., 
and E. C. Allen. Price 3s. net. 

No. 14.— Time and Motion Study, by E. Farmer, M.A. Price 2s. net. 

No 16 — Three Studies in Vocational Selection, by E. Farmer, M.A., 
and B. Muscio, M.A. Price Is. ed, net. 

No 19 — Contributions to the Study of Accident Causation, by Ethel 
E. Osborne, M.Sc., H. M. Vernon, M.D., and B. Muscio, M.A. 

Price Is. 6d. net. 

No 25.— Two Contributions to the Study of Rest-pauses in Industry, by 
H. M. Vernon, M.D., T. Bedford, and S. Wyatt, M.Sc. 

Price Is. 6d. net. 


26. — On the Extent and Effects of Variety in Repetitive Work by 
H. M. Vernon, M.D., S. Wyatt, M.Sc., and A. D. Ogden, 
M.R.San.I. 

27. — Results of Investigation in certain Industries. Pnee 6d. net. 
28 —The Function of Statistical Method in Scientific Investigation, by 

G. Udny Yule, C.B.E., F.R.S. P^ioe 64. net. 

29— The Effects of Posture and Rest in Muscular Work, by E. M. 

Bedale, M.A., and H. M. Vernon, MJ). Prw 2s. 64. mi. 
30. — An Experimental Investigation into Repetitive Work, by 
Isabel Burnett, M.A. 2s. 64. net. 

No. 31.— Performance Tests of Intelligence, by Francis Gaw,^BA.^^ 

No. 32.-.-Studies in Repetitive Work with spedal 

pauses, by S. Wyatt, M.Sc., assisted by J. A^Fmsg. 

No 33.— A Study in Vocational Guidance (carried out by the Industri^ 
^ Fatigue Research Board and the National 

Industrial Psychology). 


No. 

No. 

No. 

No, 

No. 
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OTHER REPORTS OF THE INDUSTRIAL FATIGUE RESEARCH 
BOARD — continued. 


B . — Metal and Engineering Industries. 

2Sfo. L~The Influence of Hours of Work and of Ventilation on Output 
in Tinplate Manufacture, by H. M. Vernon, M.D. Price ^d. net. 

No. 2. — ^The Output of Women Workers in relation to Hours of Work 
in Sbell-making, by Ethel E. Osborne, M.Sc. Price 6d. net. 

No. 3. — Study of Improved Methods in an Iron Foundry, by C. S. 

Myers, M.D., Sc.D., F.R.S. P^^ce 2d. net. 

No. 5. — Fatigue and Efficiency in the Iron and Steel Industiy, by H. M. 

Vernon, M.D. Price 3s. net. 

No. 15. — ^Motion Study in Metal Polishing, by E. Fanner, M.A. 

Price 2s. net. 


C . — Textile Industries. 

No. 7. — Individual Differences in Output in the Cotton Industry, by 
S. Wyatt, M.Sc., M.Ed. -Pnes Sd. net. 

No. 8. — Some Observations on Bobbin Winding, by S. Wyatt, M.Sc., 
and H. C. Weston. Price Is. 6d. net. 

No. 9. — A Study of Output in Silk Weaving during the Winter Months, 
by P, M. Elton, M.Sc. Price 2s. ed. net. 

No. 17. — An Analysis of the Individual Diflerences in the Output of 
, Silk-Weavers, by P. M. Elton, M.Sc. Price Is. net. 

No. 20. — A Study of Efficiency in Fine Linen Weaving, by H. C. Weston, 
M.J.Inst.E. Price Is. net. 

No. 21. — ^Atmospheric Conditions in Cotton Weaving, by S. Wyatt, 
M.Sc, Price 2s. net. 

No. 23. — ^Variations in Efficiency in Cotton Weaving, by S. Wyatt, 
M.Sc. Price 3s. net. 


D . — Boot and Shoe Industry. 

No. 10. — Preliminary Notes on the Boot and Shoe Industry, by 
J. Loveday, B.A., and S. H. Munro. Price Is. M. net. 

No, 11. — Preliminary Notes on Atmospheric Conditions in Boot and Shoe 
Factories, by W. D. Hambly, B.Sc., and T. Bedford. 

Price 3s. net. 


E. — Pottery Industry. 

No. IS. — ^Two Investigations in Potters’ Shops, by H. M. Vernon, M.D., 
and T. Bedford. Price 2s. Qd. net. 

F, — Laundry Industry. 

No. 22. — Some Studies in the Laundry Trade, by May Smith, M.A. 

Price 2s, Qd. net. 


G , — Glass Industry. 

No. 24, — A Comparison of different Shift Systems in the Glass Trade, by 
E. Farmer, M.A., R. C. Brooks, M.A., and E. G. Chambers, 
B.A. Price Is. net. 
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